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(54) Title: COMPLEMENTING CELL LINES 

ID (57) Abstract: A packaging cell line capable of complementing recombinant adenoviruses based on serotypes from subgroup B, 
preferably adenovirus type 35. The cell line is preferably derived from primary, diploid human cells (e.g., primary human retinoblasts, 
^ primary human embryonic kidney cells and primary human amniocytes) which are transformed by adenovirus El sequences either 
^ operatively linked on one DNA molecule or located on two separate DNA molecules, the sequences being operatively linked to 
regulatory sequences enabling transcription and translation of encoded proteins. Also disclosed is a cell line derived from PER.C6 
2! (ECACC deposit number 96022940), which cell expresses functional Ad35 E1B sequences. The Ad35-E1B sequences are driven 
by the E1B promoter or a heterologous promoter and terminated by a heterologous poly-adenylation signal. The new cell lines are 
useful for producing recombinant adenoviruses designed for gene therapy and vaccination. The cell lines can also be used for pro- 
ducing human recombinant therapeutic proteins such as human growth factors and human antibodies. In addition, the cell lines are 
useful for producing human viruses other than adenovirus such as influenza virus, herpes simplex virus, rotavirus, measles virus. 
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COMPLEMENTING CELL LINES 

Mc^field: The invention relates to the field of biotechnology generally, andmore 
specifically to adenoviral-based complementing cell lines. 

^taa: Typically, vector and packaging cells have to be adapted to one another so 
flttftvta* all the necessary elements, butthey do not have overlapping elements 
winch lead to replication competent vims by recombination. Therefore, the sequences 
necessary for proper transcription of the packaging construct may be heterologous 
regulatoryse^ 

(HBV), Rous Sarcoma Virus (RSV), cytomegalovirus (CMV), etc. or from higher 
eukaryotes S nch as mammals. In general, these sequences include a promoter, enhancer 
and poly-adenylation sequences. 

PER.C6 (ECACC deposit number 96022940) is an example of a cell line devoid of 
^overlap between 

*/., 1998). Recombinant viruses based on subgroup C adenoviruses such as Ad5 and Ad2 
can be propagated efficiently on these packaging cells. Generation and propagation of 
ad i™fo> m other serotypes, like subgroup Bvinises, has proven to be more 

J2£ l°» ?mLC6 ^ However, as describedmEuropeanpatentappHcation 
0020 1 738.2, recombinant viruses based on subgroup B virus Ad35 can be made by co- 
^fection of an expression construct containing the Ad35 early region-1 sequences 
(AC35-E1). Furthermore, Ad35-based viruses that are deleted for E1A sequences were 
shown to iephcate efficiently on PERC6 cells. Thus, the El A proteins of Ad5 
complement Ad35-E1A functions, whereas at least part of the E1B functions of Ad35 are 
necessary. This serotype specificity in E1B functions was recently also described for Ad7 
recombinant viruses. In an attempt to generate recombinant adenoviruses derived from 
subgroup B virus Ad7, Abrahamsen et al. (1997) were not able to generate El-deleted 
= on293 cells ^^^^^^^^ 
Picked after plaque purification on 293-ORF6 cells (Brough et al, 1 996) were shown to 
have incorporated Ad7 E1B sequences by non-homologous recombination Thus 
efficientpropagafionofAd^ 
Ad7-EBe_ 

mteract with cellular as well as viral proteins (Bridge et al. , 1 993; White, 1995) 
Possibly, the complex formed between the E1B 55K protein and E4-ORF6 which is 
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necessary to increase mRNA export of viral proteins and to inhibit export of most cellular 
mRNAs, is critical and in some way serotype specific. 

Description of the Invention 
5 The present invention provides new packaging cell lines capable of complementing 
recombinant adenoviruses based on serotypes other than subgroup C viruses, such as 
serotypes from subgroup B, like adenovirus type 35. 

In one aspect the invention provides packaging cell lines capable of complementing 
recombinant adenovirus based on a serotype of subgroup B, preferably of serotype 35. 
10 With the terms "based on or derived from an adenovirus" is meant that it utilizes nucleic 
acid corresponding to nucleic acid found in said serotype. The utilized nucleic acid may 
be derived by PCR cloning or other methods known in the art. 

In one aspect of the invention, the new packaging cells are derived from primary, diploid 
human cells such as, but not limited to, primary human retinoblasts, primary human 

1 5 embryonic kidney cells or primary human amniocytes. Transfection of primary cells or 
derivatives thereof with the adenovirus E1A gene alone can induce unlimited 
proliferation (immortalisation), but does not result in complete transformation. However, 
expression of El A in most cases results in induction of programmed cell death 
(apoptosis), and occasionally immortalisation is obtained (Jochemsen et aL> 1987). Co- 

20 expression of the E1B gene is required to prevent induction of apoptosis and for complete 
morphological transformation to occur (reviewed in White, 1995). Therefore, in one 
aspect of the invention, primary human cells or derivatives thereof are transformed by 
expression of adenovirus El proteins of a subgroup other than subgroup C, preferably 
subgroup B, more preferably adenovirus type 35. The combined activity of the El A and 

25 E1B proteins establishes indefinite growth of the cells and enables complementation of 
recombinant adenoviruses. 

The complete morphological transformation of primary cells by adenovirus El 
genes is the result of the combined activities of the proteins encoded by the El A and E1B 
regions. The roles of the different El proteins in lytic infection and in transformation 

30 have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenovirus El A proteins are essential for transformation of primary cells. 
The El A proteins exert this effect through direct interaction with a number of cellular 
proteins that are involved in regulation of transcription. These include the pRB family of 
proteins, p300/CBP and TATA binding protein. In addition to this El A increases the 

35 level of p53 protein in the cells. In the absence of adenovirus E1B activity the rise in p53 
levels leads to the induction of apoptosis. Both proteins encoded by the E1B region 
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counteract the induction of apoptosis although by different mechanisms. E1B-21K seems 
to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 
proteins downstream in the apoptosis pathway (Han et al, 1996), whereas B1B-55K 
runctions through direct interaction with p53. Importantly, the molecular mechanism by 
W uT ^- 55KP T^ ° f ^ - 5 C) and Adl2 (subgroup A) function 

^th neutralise p53 may differ. Whereas Ad5 E1B-55K binds p53 strongly 

and the complex localises fe ^ ^ ^ J 

protems are localised in the nucleus (Zantema * al, 1985; Grand et al, 1999) Both 
^ proteins, however, inhibit the transactivation of other genes by p53 (Yew and Berk, 

In rodent cells, the activity of E1A together with either E1B-21K or 55K is 
sufficient for full transformation although expression of both E1B proteins together is 
twice as effiaent (Rao * al, 1992; ). Inhuman cells however, the activity of meElB- 
55K protein seems to be more important given the observation that E1B-55K is 
mdispensible for the establishment of transformed cells (Gallimore 1986) 
Example 6 hereof describes the generation of pIG270. In this construct the Ad35-El 

^ ehPG KP">moter constitutes a HincH-EcoRI fragment of the promoter 
sequence described by Singer-Sam et al. (1984). The HBVpA is located in a BamHI- 

Genbank HBV-AF090841). As mentioned before, the promoter and polyadenylation 
sequencesof the El expression constructs described m tms mventionl; be derivS 
from other sources whithout departing from the invention. Also, other functional 
fragment, of the hPGK and HBVpA sequences mentioned above may be used 

Ibe functionality of P IG270 was shown by transformation of primary Baby Rat 
Kidney cells (BRK). Comparison with an equivalent Ad5-El express on cltmct 
earned thatAd^s-El genes were less efficient in transforming these cells. Clehas 
been found for the El genes of Adl2 (Bernards et al, 1982) 

Itis ^wUchElprotein(s)determme(s)medifferenc 

ffiiel; f ' f eCt0nStaieS ^ C ^ e -ElAmiB ge.es snggested that the 

etal, 1982). The E1B-55K protein is shown infra to contain serotype-specific functions 
necessary -con^lementation of El-deleted adenoses, ff 
omeregulationofmRNAmstributionor^ 
these are mvolvedm the transformation efficiency. 
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Analysis of functional domains in the Ad2 or Ad5 E1B-55K proteins using 
insertion mutants have revealed that functions related to viral replication, late protein 
synthesis and host protein shut-off are not confined to specific domains but are 
distributed along the protein (Yew et al, 1990). Using the same set of mutants, the 
5 domains important for interaction with p53 and E4-Orf6 were found to be more 
restricted. In addition to one common binding region (amino acids 262 to 326), p53 
binding was affected by mutations at aa 1 80 and E4-Orf6 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf et aL 9 1997). 

Altogether these results indicate that it is difficult to separate the E1B-55K 
10 functions related to transformation (p53 binding) and late protein synthesis (Qrf6 
binding). 

The invention discloses new El constructs that combine the high efficiency of 
transformation of one serotype with the serotype-specific complementation function of 
another serotype. These new constructs are used to transform primary human embryonic 

1 5 retinoblast cells and human amniocytes. 

In another aspect of the invention, the transforming El sequences are derived from 
different serotypes. As disclosed in European Patent application 00201738.2, Ad35 El 
sequences are capable of transforming Baby Rat Kidney (BRK) cells, albeit with a lower 
efficiency than that seen with Ad5 El sequences. This was also observed for El 

20 sequences from Adl2 (Bernards et al. 9 1982). Therefore, in this aspect of the invention, 
primary diploid human cells or derivatives thereof are transformed with chimeric El 
construct that consists of part of the El sequences of a serotype that enables efficient 
transformation of primary human cells or derivatives thereof and part of the El sequences 
of another serotype which El sequences provide the serotype-specific E1B function(s) 

25 that enable(s) efficient propagation of E 1 -deleted viruses of that serotype. In a preferred 
embodiment of this aspect of the invention, the El A region is derived from a subgroup C 
adenovirus, like, but not limited to, Ad5, and the E IB coding sequences are derived from 
an alternative adenovirus more particularly from an adenovirus of subgroup B, more 
particularly from adenovirus type 35. E1B-21K coding sequences may also be chimeric 

30 comprising both subgroup C and subgroup B coding sequences. Preferably, all or most of 
E1B-21K comprises subgroup C coding sequences. In a more preferred embodiment, the 
El A coding sequences and the E1B-21K coding sequences are derived from a subgroup 
C adenovirus, like, but not limited to, Ad5. In one embodiment the cell further comprises 
ElB-55k coding sequences that are, preferably, as far as not overlapping with the 21K 

35 coding sequences-derived from an adenovirus of subgroup B, more particular from 

adenovirus type 35. In an even more preferred embodiment, all El coding sequences are 



\ 



WO 02/40665 



5 



PCT/NLOl/00824 



denved from a subgroup C adenovirus, like but not limited to Ad5, except for at least the 
part of the E1B-55K coding sequences that are necessary for serotype-specific 
complementation of an alternative adenovirus subgroup, more particular adenovirus 
subgroup B, more particular adenovirus type 35. Tie invention also provides a packaging 

5 cell line wherein the primary, diploid human cells or derivatives thereof have been 
transformed with a chimeric adenovirus El construct comprising part of a first 
adenovirus El coding sequence of a first adenovirus serotype that enables efficient 
transformation of primary human cells and derivatives thereof; and part of a second 
adenovirus El coding sequence of a second adenovirus serotype, wherein said second 

) adenovirus El coding sequence provides the serotype-specific adenovirus E1B 

functions) that enable(s) efficient propagation of recombinant adenovirus El-deleted 
viruses of said second adenovirus serotype. Preferably, said first adenovirus serotype is a 
subgroup C adenovirus and said second adenovirus serotype is a subgroup B adenovirus 
more particular adenovirus type 35. In one embodiment the packing cell line of the ' 
invention comprises bovine adenovirus ElB-55k. Such a bovine ElB-55k expressing cell 
line is particularly suited for obtaining high yields of a complemented bovine 
recombinant adenovirus. 

The primary diploid human cells or derivatives thereof are transformed by adenovirus El 
sequences either operatively linked on one DNA molecule or located on two separate 

m0l6Cules ' *■ ,atter ™*> one DNA molecule carries at least part of the El 
sequences of the serotype enabling efficient transformation and the second DNA 
molecule carries at least part of the sequences necessary for serotype-specific 
complementation. Provided is also a hybrid construct comprising El-sequences of the 
serotype enabling efficient transformation and El sequences of another serotype 
necessary for serotype-specific complementation. The sequences providing serotype 
specific complementation may ofcourse also contain further activities contributing to 
formation Preferably, said sequences enabling efficient transformation comprise 
El A. Preferably said sequences and said sequences necessary for serotype specific 
complementation preferably compriseElB sequences. More preferably said sequences 
enabling efficient transforming comprise E1A and E1B-2 IK sequences and said 
sequences necessary for serotype specific complementation comprise E1B-55K 
sequences^vided also ^ ceIk tUBS&md by ^ ^ ^ 

favorably be used for the propagation of recombinant El deleted adenovirus of said 
another serotype. Of course it is also possible to provide both functions of El sequences 
on separate constructs. In all aspects, the sequences are operatively linked to regulatory 
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sequences enabling transcription and translation of the encoded proteins. Preferably a 
packaging cell of the invention further comprises a DNA encoding at least E4-orf6 of an 
adenovirus of subgroup B, preferably adenovirus serotype 35. Preferably, said E4-orf6 is 
derived from said another serotype. Preferably said cell comprises E1B-55K and E4-orf6 
of the same serotype as the recombinant vector to be propagated/complemented or 
otherwise produced. 

In another aspect of the invention, new packaging cells are described that are derived 
from PER.C6 (ECACC deposit number 96022940; Fallaux et al, 1998) and contain 
Ad35-El sequences integrated into their genome. These Ad35-El sequences are present 
in a functional expression cassette, but preferably do not contain sequences overlapping 
with sequences present in the recombinant viral vector. Preferably, the functional 
expression cassette consists of a heterologous promoter and poly-adenylation signal 
functionally linked to Ad35-El sequences. More specifically, the Ad35-El coding 
sequences are functionally linked to the human phosphoglycerate gene promoter (hPGK) 
andhepatitus B virus poly-adenylation signal (HBV-pA). Preferably, Ad35-El coding 
sequences comprise the coding regions of the El A proteins and the E1B promoter 
sequences linked to E1B coding sequences up to and including the stop codon of the E1B 
55K protein. More preferably, the Ad35-El sequences comprise nucleotide 468 to 
nucleotide 3400 of the Ad35 wt sequence. To be able to select for transfected cells, a 
dominant selection marker like, but not limited to, the neo r gene has to be incorporated on 
the expression vector or the Ad35 expression vector is co-transfected with a separate 
expression vector mediating expression of the selection marker. In both cases, the 
selection marker becomes integrated in the cellular genome. Other Ad5-El transformed 
cell lines like 293 (Graham et al y 1977) and 91 1 (Fallaux et al y 1996) or established 
human cell lines like A549 cells may be used without departing from the present 
invention. 

In another aspect of the invention, PER.C6-derived cells are described that 
express functional Ad35 E1B sequences. In one embodiment, the Ad35-E1B coding 
sequences are driven by the E1B promoter and terminated by a heterologous poly- 
adenylation signal like, but not limited to, the HB VpA, In a preferred embodiment, the 
Ad35-E1B coding sequences are driven by a heterologous promoter like, but not limited 
to, the hPGK promoter or Elongation Factor-la (EF-la) promoter and terminated by 
a heterologous pA signal like, but not limited to, the HBVpA. These Ad35-E1B 
sequences preferably comprise the coding regions of the E1B 21K and the E1B 55K 
proteins located between nucleotides 161 1 and 3400 of the wild-type (wt) Ad35 
sequence. More preferably, the Ad35-E1B sequences comprise nucleotides 1550 to 3400 



WO 02/40665 



7 



PCT/NLOl/00824 



of the wt Ad35 sequence. In an even more preferred embodiment, the E1B sequences 
comprise the coding sequences of the E1B-55K gene located between nucleotides 1916 
and 3400 of the wt Ad35 sequence. In an even more preferred embodiment a packaging 
cell line or a cell line of the invention lacks a functional coding sequence for E1B 21k. 
Such cell lines in general produce significantly more recombinant adenovirus than E1B 
21 K positive cell lines. 



The invention further provides a method for complementing a recombinant 
adenovirus comprising providing a packaging cell line or a cell line according to the 
invention, with said recombinant adenovirus and culturing said cell to allow for 
complementation. In a preferred embodiment said method further comprises harvesting 
complemented recombinant adenovirus. Preferably said recombinant adenovirus is 
derived from adenovirus subgroup B. More preferably said recombinant adenovirus is 
derived from adenovirus serotype 35. 

In another aspect the invention provides a recombinant adenovirus obtained by a 
method of the invention or with a packaging cell of the invention. Such adenovirus can be 
obtained essentially free from contaminating wild type adenovirus, or replication 
competent adenovirus. Such recombinant adenovirus preparations are very suited for 
administration of therapeutic sequences to somatic tissues in vivo in for instance a gene 
therapeutic setting. Preferred are recombinant adenoviruses comprising a deletion of 
nucleic acid encoding at least one El-region protein. Preferably, such adenovirus further 
comprises a deletion of nucleic acid encoding at least one E3-region protein. Preferably, 
such adenovirus further comprises a deletion of nucleic acid encoding at least one E4- ' 
region protein. Preferably, such adenovirus further comprises a deletion of nucleic acid 
encoding at least E4-Orf6 protein. For this reason the invention also provides the use of a 
recombinant adenovirus of the invention for the preparation of a medicament. 

With the term E1B-55K protein as used herein, is meant the protein encoded by the E1B- 
region m an adenovirus serotype having a similar function in said serotype as provided bv 
the E1B-55K protein Ad5. 

With the term E1B-21K protein as used herein, is meant the protein enclosed by the E1B- 
region in an adenovirus serotype having a similar function in said serotype as provided by 
the E1B-19K protein of Ad5. The same terminology applies for the sequences encoding 
these proteins. When referring to Ad35-El sequences from a specified nucleotide to 
nucleotide 3400 is meant 'up to and including nucleotide 3400'. 
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Cell lines subject of this invention are useful for, among other things, the 
production of recombinant adenoviruses designed for gene therapy and vaccination. The 
cell lines, being derived from cells of human origin, are also useful for the production of 
5 human recombinant therapeutic proteins like, but not limited to human growth factors, 
human antibodies. In addition the cell lines are useful for the production of human viruses 
other than adenovirus like, but not limited to, influenza virus, herpes simplex virus, 
rotavirus, measles virus. 

A preferred derivative of primary, diploid human cells is the PER.C6 cell line (ECACC 
10 deposit number 960022940). 

It is within the skills of the artisan to provide for proteins having a similar function in 
kind as the adenovirus El protein referred to in this document. For instance a functional 
part may be provided and/or a derivative may be provided with a similar function in kind, 
15 not necessarily in amount. 

Such parts and derivatives are considered to be part of the invention, in as far as similar 
transforming/complementing and/or serotype specificity function is provided in kind, not 
necessarily in amount. 

20 Brief Description of the Figures 

FIG. 1: Bar graph showing the percentage of serum samples positive for neutralization 
for each human wt adenovirus tested {see, Examplel for description of the neutralization 
assay). 

FIG. 2: Graph showing absence of correlation between the VP/CCID50 ratio and the 
25 percentage of neutralization. 

FIG. 3: Bar graph presenting the percentage sera samples that show neutralizing activity 
to a selection of adenovirus serotypes. Sera were derived from healthy volunteers from 
Belgium and the UK. 

FIG. 4: Bar graph presenting the percentage sera samples that show neutralizing activity 
30 to adenovirus serotypes 5,11,26, 34, 35, 48 and 49. Sera were derived from five 
different locations in Europe and the United States. 
FIG. 5: Sequence of human adenovirus type 35. 
FIG. 6: Map of P AdApt35IPl. 

FIG. 7: Schematic representation of the steps undertaken to construct pWE.Ad35.pIX- 
35 rITR. 

FIG. 8: Map of pWE.Ad35.pIX-rIXR. 
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FIG. 9: Map of pRSV.Ad35-El. 
FIG. 10: Map of PGKneopA. 
FIG. 11: Map of pRSVpNeo. 
FIG. 12: Map of pRSVhbvNeo. 
5 FIG. 13: Map ofpIG.ElA.ElB. 
FIG. 14: Map of pIG135. 
FIG. 15: Map of pIG270. 
FIG. 16: MapofpBr.Ad35.1eftITR-pIX. 
FIG. 17: Map of P Br.Ad35.1eftITR-pIXAElA 
10 FIG. 18: Map of pBr.Ad35.A21K 
FIG. 19: Map of pBr.Ad35.A55Kl 
FIG. 20: Map of pBrAd35ASM 

FIG. 21: Schematic representation of Ad35-E1A/E1B deletion constructs. 
FIG. 22: Map of pIG.35BL. 
15 FIG. 23: Map of pRSVneo4. 
FIG. 24: Map of pIG35Bneo. 
FIG. 25: Map of pIG35.55K 
FIG. 26: Map of pIG535 
FIG. 27: Map of pIG635 
20 FIG. 28: Map of pIG735 
FIG 29: Map of pCC271 
FIG 30: Map of pCC535s 
FIG 31: Map ofpCR535ElB 
FIG 32: Map of pCC2155s 
25 FIG 33: Map of pCC536s 
FIG34:MapofpIG536 
FIG 35: Map of pBr.Ad35.PRn 
FIG 36: Map of pBr.Ad35.PRnAE3 
FIG 37: Map of pWEAd35.pIX-rITRAE3 
30 FIG 38: Alignment of E1B-21K (A) and E1B-55K (B) amino acid sequences in pCC536 
with wtAd5 and wtAd35 sequences. 
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Detailed Description of The Invention 
The invention is further explained by the use of the following illustrative examples. 

EXAMPLES 
Example 1 

A high throughput assay for the detection of neutralizing activity in human serum 

To enable screening of a large amount of human sera for the presence of neutralizing 
antibodies against all adenovirus serotypes, an automated 96-wells assay was developed. 
Human sera 

A panel of 100 individuals was selected. Volunteers (50% male, 50% female) 
were healthy individuals between ages 20 and 60 years old with no restriction for race. 
All volunteers signed an informed consent form. People professionally involved in 
adenovirus research were excluded. 

Approximately 60 ml blood was drawn in dry tubes. Within two hours after 
sampling, the blood was centrifuged at 2500 rpm for 10 minutes. Approximately 30 ml 
serum was transferred to polypropylene tubes and stored frozen at -20°C until further use. 

Serum was thawed and heat-inactivated at 56°C for 10 minutes and then aliquoted 
to prevent repeated cycles of freeze/thawing. Part was used to make five steps of twofold 
dilutions in medium (DMEM, Gibco BRL) in a quantity enough to fill out approximately 
70 96-well plates. Aliquots of undiluted and diluted sera were pipetted in deep well plates 
(96-well format) and using a programmed platemate dispensed in 100 ^il aliquots into 96- 
well plates. This way the plates were loaded with eight different sera in duplo (100 
Hl/well) according to the scheme below: 
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and Sx/32 the twofold serial dilutions. The last plates also contained four wells filled with 
100 ul fetal calf serum as a negative control. Plates were kept at -20°C until further use. 

Preparation of human adenovirus stocks 

Prototypes of all known human adenoviruses were inoculated on T25 flasks 
seeded with PER.C6 cells (Fallaux et al, 1998) and harvested upon full CPE. After 
freeze/thawing 1-2 ml of the crude lysates was used to inoculate a T80 flask with PER C6 
and virus was harvested at full CPE. The timeframe between inoculation and occurrence 
of CPE as well as the amount of virus needed to re-infect a new culture, differed between 
serotypes. Adenovirus stocks were prepared by freeze/thawing and used to inoculate 34 
T175 cm three-layer flasks with PER.C6 cells. Upon occurrence of CPE, cells were 
harvested by tapping the flask, pelleted and virus was isolated and purified by a two-step 
CsCl gradient as follows. Cell pellets were dissolved in 50 ml 10 mM NaP0 4 buffer (pH 
7.2) and frozen at -20°C. After thawing at 37°C, 5.6 ml sodium deoxycholate (5% w/v) 
was added. The solution was mixed gently and incubated for 5-1 5 minutes at 37°C to 
completely lyse the cells. After homogenizing the solution, 1875 ul lMMgCl 2 was 
added. After the addition of 375 pi DNAse (10 mg/ml) the solution was incubated for 30 
minutes at 37°C. Cell debris was removed by centrimgation at 1880xg for 30 minutes at 
RT without brake. The supernatant was subsequently purified from proteins by extraction 
with FREON (3x). The cleared supernatant was loaded on a 1M Tris/HCl buffered 
cesium chloride block gradient (range: 1 .2/1.4 g/ml) and centrifuged at 21000 rpm for 2 5 
hours at 10°C. The virus band is isolated after which a second purification using a 1 M 
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Tris/HCl buffered continues gradient of 133 g/ml of cesium chloride was performed. The 
virus was then centrifuged for 17 hours at 55000 rpm at 10°C. The virus band is isolated 
and sucrose (50 % w/v) is added to a final concentration of 1%. Excess cesium chloride is 
removed by dialysis (three times 1 hr at RT) in dialysis slides (Slide-a-lizer, cut off 10000 
5 kDa, Pierce, USA) against 1 .5 liter PBS supplemented with CaCl 2 (0.9 mM), MgCl 2 

(0.5mM) and an increasing concentration of sucrose (1, 2, 5%). After dialysis, the virus is 
removed from the slide-a-lizer after which it is aliquoted in portions of 25 and 100 ^1 
upon which the virus is stored at -85°C 

To determine the number of virus particles per milliliter, 50 \il of the virus batch 

10 is run on a high-pressure liquid chromatograph (HPLC) as described by Shabram et al 
(1997). Viruses were eluted using a NaCl gradient ranging from 0 to 600 mM. As 
depicted in table I, the NaCl concentration by which the viruses were eluted differed 
significantly among serotypes. 

Most human adenoviruses replicated well on PER.C6 cells with a few exceptions. 

15 Adenovirus type 8 and 40 were grown on 91 1-E4 cells (He et al., 1998). Purified stocks 
contained between 5xl0 10 and 5xl0 12 virus particles/ml (VP/ml; see table I). 

Titration of purified human adenovirus stocks 

Adenoviruses were titrated on PER.C6 cells to determine the amount of virus 

20 necessary to obtain full CPE in five days, the length of the neutralization assay. Hereto, 
IOOjj.1 medium was dispensed into each well of 96-well plates. 25 p.1 of adenovirus stocks 
pre-diluted 10 4 , 10 5 , 10 6 or 10 7 times were added to column 2 of a 96-well plate and 
mixed by pipetting up and down 10 times. Then 25 jul was brought from column 2 to 
column 3 and again mixed. This was repeated until column 1 1 after which 25 nl from 

25 column 1 1 was discarded. This way, serial dilutions in steps of 5 were obtained starting 
off from a pre-diluted stock. Then 3xl0 4 PER.C6 cells (ECACC deposit number 
96022940) were added in a 100 pi volume and the plates were incubated at 37 °C, 5% 
CO2 for five or six days. CPE was monitored microscopically. The method of Reed and 
Muensch was used to calculate the cell culture-inhibiting dose 50% (CCID50). 

30 In parallel, identical plates were set up that were analyzed using the MTT assay 

(Promega). In this assay, living cells are quantified by colorimetric staining. Hereto, 20 \sl 
MTT (7.5 mgr/ml in PBS) was added to the wells and incubated at 37 °C, 5% C0 2 for 
two hours. The supernatant was removed and 100 \il of a 20:1 isopropanol/triton-XlOO 
solution was added to the wells. The plates were put on a 96-well shaker for 3-5 minutes 

35 to solubilize the precipitated staining. Absorbance was measured at 540 nm and at 690 
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xnn (background). By this assay, wells with proceeding CPE or full CPE can be 
distinguished. 

Neutralization assay 

5 96-weII plates with diluted human serum samples were thawed at 37 °C, 5% CO, 

Adenovirus stocks diluted to 200 CCID50 per 50 ul were prepared and 50 »1 aliquots 
were added to columns 1-1 1 of the plates with serum. Plates were incubated for 1 hour at 
37 C, 5/o C0 2 . Then 50 pi PER.C6 cells at 6xl0 5 /ml were dispensed in all wells and 
mcubated for 1 day at 37 °C, 5% CO, Supernatant was removed using fresh pipette tips 
for each row and 200ul fresh medium was added to all wells to avoid toxic effects of me 
serum P ates were incubated for another 4 days at 37 °C, 5% CO, Jn addition, parallel 
control plates were set m with diluted positive control sera generated in rabbits 
and specfic for each serotype to be tested in rows A and B and with negative control 
serum (PCS) in rows C and D. Also, in each of the rows E-H a titration was performed as 
described above with steps of five times dilutions starting with 200 CC1D50 of each virus 

2 ° n ^ 5 ' ° f 46 COntrol Plates was microscopicaUy and with 

the MTT assay. The experimental titer was calculated from the control titration plate 
observed microscopically. If CPE was found to be complete, ,e. the first dilution in the 
control titration experiment analyzed by MTT shows clear cell death, all assay plates 
were processed. If not, the assay was allowed to proceed for one or more days until mil 
CPE was apparent after which all plates were processed. In most cases, the assay was 
terminated at day 5. For Adl, 5, 33, 39, 42 and 43 the assay was left for six days and for 
Ad2 for eight days. 

A serum sample is rega rded as "non-neutralizing" when, at the highest serum 
concentration, a maximum protection of40% is seen compared to controls without 
serum. 

The results of the analysis of 44 prototype adenoviruses against serum from 100 
healthy volunteers are shown in FIG. 1 . As expected, the percentage of serum samples 

for most of the lower numbered adenoviruses. Surprisingly, none of the serum samples 
contained neutralizing antibodies to Ad35. Also, the number of individuals with 
neutrabzing antibody titers to the serotypes 26, 34 and 48 was very low. Therefore 
recombinant El-deleted adenoviruses based on Ad35 or one of the other above ' 
mentioned serotypes have an important advantage compared to recombinant vectors 
based on Ad5 with respect to clearance of the viruses by neutralizing antibodies 
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Also, Ad5~based vectors that have (parts of) the capsid proteins involved in 
immunogenic response of the host replaced by the corresponding (parts of) the capsid 
proteins of Ad35 or one of the other serotypes will be less, or even not, neutralized by the 
vast majority of human sera. 
5 As can be seen in Table I, the VP/CCID50 ratio calculated from the virus particles 

per ml and the CCID50 obtained for each virus in the experiments was highly variable, 
and ranged from 0.4 to 5 log. This is probably caused by different infection efficiencies 
of PER.C6 cells and by differences in replication efficiency of the viruses. Furthermore, 
differences in batch qualities may play a role. A high VP/CCID50 ratio means that more 

10 viruses were put in the wells to obtain CPE in 5 days. As a consequence, the outcome of 
the neutralization study might be biased since more (inactive) virus particles could shield 
the antibodies. To check whether this phenomenon had taken place, the VP/CCID50 ratio 
was plotted against the percentage of serum samples found positive in the assay (FIG. 2). 
The graph clearly shows that there is no negative correlation between the amount of 

1 5 viruses in the assay and neutralization in serum. 

Example 2 

The prevalence of neutralizing activity (NA) to Ad35 is low in human sera from different 
geographic locations 

20 In Example 1 the analysis of neutralizing activity ("NA") in human sera from one 

location in Belgium was described. Strikingly, of a panel of 44 adenovirus serotypes 
tested, one serotype, Ad35, was not neutralized in any of the 100 sera assayed. In 
addition, a few serotypes, Ad26, Ad34 and Ad48 were found to be neutralized in 8%, or 
less, of the sera tested. This analysis was further extended to other serotypes of 

25 adenovirus not previously tested and, using a selection of serotypes from the first screen, 
was also extended to sera from different geographic locations. 

Hereto, adenoviruses were propagated, purified and tested for neutralization in the 
CPE-inhibition assay as described in Example 1. Using the sera from the same batch as in 
Example 1, adenovirus serotypes 7B, 1 1, 14, 1 8 and 44/1876 were tested for 

30 neutralization. These viruses were found to be neutralized in, respectively, 59, 13, 30, 98 
and 54 % of the sera. Thus, of this series, Adl 1 is neutralized with a relatively low 
frequency. 

Since it is known that the frequency of isolation of adenovirus serotypes from 
human tissue as well as the prevalence of NA to adenovirus serotypes may differ on 
35 different geographic locations, we further tested a selection of the adenovirus serotypes 
against sera from different places. Human sera were obtained from two additional places 
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in Europe (Bristol, UK and Leiden, NL) and from two places in the United States 
(Stanford, CA and Great Neck, NY). Adenoviruses that were found to be neutralized in 
20% or less of the sera in the first screen, as well as Ad2, Ad5, Ad27, Ad30, Ad38 Ad43 
were tested for neutralization in sera from the UK. The results of these experiments are ' 
presented in FIG. 3. Adenovirus serotypes 2 and 5 were agaiu neutralized in a high 
percentage of human sera. Furthermore, some of the serotypes that were neutralized in a 
low percentage of sera in the first screen are neutralized in a higher percentage of sera 
from the UK, for example, Ad26 (7% vs. 30%), Ad28 (13% vs. 50%), Ad34 (5% vs 
27%)andAd48 (8% vs. 32o/ o) . Neutralizing activity against Adll and Ad49thatwere 
found in a relatively low percentage of sera in the first screen, are found in an even lower 
percentage of sera in this second screen (13% vs. 5% and 20% vs. 1 1% respectively) 
Serotype Ad35 that was not neutralized in any of the sera in the first screen, was now 
found to be neutralized in a low pereentage (8%) of sera from the UK. The prevalence of 
NA m human sera from the UK is the lowest to serotypes Adl 1 and Ad35 

For further analysis, sera obtained from two locations in the US (Stanford CA 
and Great Neck, NY) and from The Netherlands (Leiden). FIG. 4 presents an overview of 
data obtamed with these sera and the previous data. Not all viruses were tested in all sera 
except for Ad5, Adl 1 and Ad35. The overall conclusion from this comprehensive screen' 
of human sera is that the prevalence of neutralizing activity to Ad35 is the lowest of all 
serotypes throughout the western countries: on average 7% of the human sera contain 
neutralizing activity (5 different locations). Another B-grou P adenovirus, Adl 1 is also 
neutralized m a low percentage of human sera (average 1 1 % in sera from 5 different 
locations). Adenovirus type 5 is neutralized in 56% of the human sera obtained from 5 
different locations. Although not tested in all sera, D-group serotype 49 is also 
neutralized with relatively low frequency in samples from Europe and from one location 
of the US (average 14%). 

In the herein described neutralization experiments, a serum is judged non- 
neutralizing when, in the well with the highest serum concentration, the maximum 
protection of CPE is 40% compared to the controls without serum The protection is 
calculated as follows: 

1% protection = QDcoiresponding well - nn yjrug control x 100 o/ o 
OD non-infected control - OD virus control 

As described in Example l, the serum is plated in five different dilutions ranging from 4x 
to 64x diluted. Therefore, it is possible to distinguish between low titers (i.e., 
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neutralization only in the highest serum concentrations) and high titers of NA (z.e., also 
neutralization in wells with the lowest serum concentration). Of the human sera used in 
our screen that were found to contain neutralizing activity to Ad5, 70% turned out to have 
high titers whereas of the sera that contained NA to Ad35, only 15% had high titers. Of 

5 the sera that were positive for NA to Adl 1 only 8% had high titers. For Ad49, this was 
5%. Therefore, not only is the frequency of NA to Ad35, Adl 1 and Ad49 much lower as 
compared to Ad5, but of the sera that do contain NA to these viruses, the vast majority 
has low titers. Adenoviral vectors based on Adl 1, Ad35 or Ad49 have therefore a clear 
advantage over Ad5 based vectors when used as gene therapy vehicles or vaccination 

10 vectors in vivo or in any application where infection efficiency is hampered by 
neutralizing activity. 

In the following examples, the construction of a vector system for the generation 
of safe, RCA-free Ad35-based vectors is described. 

15 Example 3 

Sequence of the human adenovirus type 35 

Ad35 viruses were propagated on PER.C6 cells and DNA was isolated as follows: 
To 100 jxl of virus stock (Ad35: 3.26xl0 12 VP/ml), lOfil 10X DNAse buffer (130 mM 
Tris-HCl pH7.5; 1,2 M CaCl 2 ; 50mM MgCl 2 ) was added After addition of 10 jil 

20 lOmgr/ml DNAse I (Roche Diagnostics), the mixture was incubated for 1 hr. at 37°C. 
Following addition of 2.5nl 0.5M EDTA, 3.2jU 20% SDS and 1.5jil ProteinaseK (Roche 
Diagnostics; 20mgr/ml), samples were incubated at 50°C for 1 hr. Next, the viral DNA 
was isolated using the GENECLEAN spin kit (Biol 01 Inc.) according to the 
manufacturer's instructions. DNA was eluted from the spin column with 25 jul sterile 

25 MilliQ water. The total sequence was generated by Qiagen Sequence Services (Qiagen 
GmbH, Germany). Total viral DNA was sheared by sonification and the ends of the DNA 
were made blunt by T4 DNA polymerase. Sheared blunt fragments were size fractionated 
on agarose gels and gel slices corresponding to DNA fragments of 1 .8 to 2.2kb were 
obtained. DNA was purified from the gel slices by the QIAquick gel extraction protocol 

30 and subcloned into a shotgun library of pUCl 9 plasmid cloning vectors. An array of 

clones in 96-well plates covering the target DNA 8 (+/- 2) times was used to generate the 
total sequence. Sequencing was performed on Perkin-Elmer 9700 thermocyclers using 
Big Dye Terminator chemistry and AmpliTaq FS DNA polymerase followed by 
purification of sequencing reactions using QIAGEN DyeEx 96 technology. Sequencing 

35 reaction products were then subjected to automated separation and detection of fragments 
on ABI 377 XL 96 lane sequencers. Initial sequence results were used to generate a 
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contiguous sequence and gaps were filled in by primer walking reads on the target DNA 
or by direct sequencing of PCR products. The ends of the virus turned out to be absent in 
the shotgun library, most probably due to cloning difficulties resulting from the amino 
acids of pTP that remain bound to the ITR sequences after proteinase K digestion of the 
5 viral DNA. Additional sequence runs on viral DNA solved most of the sequence in those 
regions, however it was difficult to obtain a clear sequence of the most terminal 
nucleotides. At the 5' end the sequence portion obtained was 5'-CCAATAATATACCT- 
3' (SEQ. I.D. NO. _J while at the 3' end, the obtained sequence portion was 5'- 
AGGTATATTATTGATGATGGG-3 ' (SEQ. I.D. NO. _). Most human adenoviruses 
10 have a terminal sequence 5'-CATCATCAATAATATACC-3 ' (SEQ. I.D. NO. _). In 
addition, a clone representing the 3 ' end of the Ad35 DNA obtained after cloning die 
terminal 7 kb Ad35 EcoRI fragment into P Br322 also turned out to have the typical 
CATCATCAATAAT... sequence. Therefore, Ad35 may have the typical end sequence 
and the differences obtained in sequencing directly on the viral DNA are due to artefacts 
IS correlated with run-off sequence runs and the presence of residual amino acids of pTP. 

The total sequence of Ad35 with corrected terminal sequences is given in FIG. 5. 
Based sequence homology with Ad5 (Genbank # M72360) and Ad7 (partial sequence 
Genbank # X03000) and on the location of open reading frames, the organization of the 
virus is identical to the general organization of most human adenoviruses, especially the 
0 subgroup B viruses. The total length of the genome is 34,794 basepairs. 

Example 4 

Construction of a plasmid-based vector system to generate recombinant Ad35-based 
viruses. 

A functional plasmid-based vector system to generate recombinant adenoviral vectors 
comprises the following components: 

An adapter plasmid comprising a left ITR and packaging sequences derived from 
Ad35 and at least one restriction site for insertion of an heterologous expression 
cassette and lacking El sequences. Furthermore, the adapter plasmid contains 
Ad35 sequences 3' from the E1B coding region including the pLX promoter and 
coding sequences enough to mediate homologous recombination of the adapter 
plasmid with a second nucleic acid molecule. 

A second nucleic acid molecule, comprising sequences homologous to the adapter 
plasmid, and Ad35 sequences necessary for the replication and packaging of the 
recombinant virus, that is early, intermediate and late genes that are not present in 
the packaging cell. 



1. 
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3. A packaging cell providing at least functional El proteins capable of 
complementing the El function of Ad3 5. 

Other methods for generating recombinant adenoviruses on complementing 
packaging cells are known in the art, and may be applied to Ad35 viruses without 
5 departing from the invention. As an example, the construction of a plasmid-based system, 
as outlined above, is described in detail below, 

1"! Construction of Ad35 adapter plasmids. 

The adapter plasmid pAdApt (described in International Patent Application 

10 W099/55 132) was first modified to obtain adapter plasmids that contain extended 

polylinkers and that have convenient unique restriction sites flanking the left ITR and the 
adenovirus sequence at the 3' end to enable liberation of the adenovirus insert from 
plasmid vector sequences. Construction of these plasmids is described below in detail- 
Adapter plasmid pAdApt was digested with Sail and treated with Shrimp Alkaline 

15 Phosphatase to reduce religation. A linker, composed of the following two 

phosphorylated and annealed oligos: ExSalPacF 5' - TCG ATG GCA AAC AGC TAT 
TAT GGG TAT TAT GGG TTC GAA TTA ATT AA- 3' (SEQ. I.D. NO. __J and 
ExSalPacR 5' - TCG ATT AAT TAA TTC GAA CCC ATA ATA CCC ATA ATA GCT 
GTT TGC CA- 3' (SEQ. LD. NO. _) was directly ligated into the digested construct, 

20 thereby replacing the Sail restriction site by Pi-Pspl, Swal and Pad. This construct was 
designated pADAPT+ExSalPac linker. Furthermore, part of the left ITR of pAdApt was 
amplified by PCR using the following primers: PCLIPMSF: 5'- CCC CAA TTG GTC 
GAC CAT CAT CAA TAA TAT ACC TTA TTT TGG -3' (SEQ. LD. NO. _) and 
pCLIPBSRGI: 5'- GCG AAA ATT GTC ACT TCC TGT G - 3' (SEQ. LD. NO. _). The 

25 amplified fragment was digested with Muni and BsrGI and cloned into pAd5/Clip 
(described in International Patent Application W099/55132), which was partially 
digested with EcoRI and after purification digested with BsrGI, thereby re-inserting the 
left ITR and packaging signal. After restriction enzyme analysis, the construct was 
digested with Seal and SgrAI and an 800 bp fragment was isolated from gel and ligated 

30 into Scal/SgrAI digested pADAPT+ExSalPac linker. The resulting construct, designated 
pIPspSalAdapt, was digested with Sail, dephosphorylated, and ligated to the 
phosphorylated ExSalPacF/ExSalPacR double-stranded linker previously mentioned. A 
clone in which the Pad site was closest to the ITR was identified by restriction analysis 
and sequences were confirmed by sequence analysis. This novel pAdApt construct, 

35 termed pEPspAdapt thus harbours two ExSalPac linkers containing recognition sequences 
for Pad, PI-PspI and BstBI, which surround the adenoviral part of the adenoviral adapter 
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construct, and which can be used to linearize the plasmid DNA prior to cotransfection 



with 



35 



In order to further increase transgene cloning permutations, a number of 
polylinker variants were constructed based on pIPspAdapt. For this purpose, pIPspAdapt 
. was first digested with EcoRI and dephosphorylated. A linker composed of the following 
two phosphorylated and annealed oligos: EcolinkeH-: 5' -AAT TCG GCG CGC CGT 
CGA CGA TAT CGA TAG CGG CCG C -3' (SEQ. ID. NO. __) and Ecolinker-: 5' - 
AAT TGC GGC CGC TAT CGA TAT CGT CGA CGG CGC GCC G -3' (SEQ. LD. 
NO. _J was ligated into this construct, thereby creating restriction sites for AscI, Sail, 
EcoRV, Clal and Notl. Both orientations of this linker were obtained, and sequences 
were confirmed by restriction analysis and sequence analysis. The plasmid containing the 
polylinker in the order 5' Hindm, Kpnl, Agel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, 
Nhel, Hpal, BamHI and Xbal was termed pIPspAdaptl while the plasmid containing the 
polyhnker in the order Hindffl, Kpnl, Agel, Notl, Clal, EcoRV, Sail, AscI, EcoRI, Nhel, 
Hpal, BamHI and Xbal was termed pIPspAdapt2. 

To facilitate the cloning of other sense or antisense constructs, a linker composed 
of the following two oligonucleotides was designed, to reverse the polylinker of 
pIPspAdapt: HindXba+ 5'-AGC TCT AGA GGA TCC GTT AAC GCT AGC GAA TTC 
ACC GGT ACC AAG CTT A-3' (SEQ. LD. NO. _J; HindXba- 5'-CTA GTA AGC 
TTG GTA CCG GTG AAT TCG CTA GCG TTA ACG GAT CCT CTA G-3' (SEQ. ID. 
NO. __). This linker was ligated into Hindm/Xbal digested pIPspAdapt and the correct 
construct was isolated. Confirmation was done by restriction enzyme analysis and 
sequencing. This new construct, pIPspAdaptA, was digested with EcoRI and the 
previously mentioned Ecolinker was ligated into this construct. Both orientations of this 
linker were obtained, resulting in P IPspAdapt3, which contains the polylinker in the order 
Xbal, BamHI, Hpal, Nhel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, Agel, Kpnl and 
HmdIII. All sequences were confirmed by restriction enzyme analysis and sequencing. 

Adapter plasmids based on Ad35 were then constructed as follows: 
The left ITR and packaging sequence corresponding to Ad35 wt sequences nucleotides 1 
to 464 (FIG. 5) were amplified by PCR on wtAd35 DNA using the following primers- 
lPrimer35Fl: 

25'-CGG AAT TCT TAA TTA ATC GAC ATC ATC AAT AAT ATA CCT TAT AG-3> 
(SEQ. ID. NO. _J 
Primer 35R2: 

5'-GGT GGT CCT AGG CTG ACA CCT ACG TAA AAA CAG-3' (SEQ. LD. NO. 
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Amplification introduces a PacI site at the 5 1 end and an Avrll site at the 3' end of the 
sequence. 

For the amplification, Platinum Pfx DNA polymerase enzyme (LTI) was used 
according to manufacturer's instructions, but with primers at 0.6 and with DMSO 
5 added to a final concentration of 3%. Amplification program was as follows: 2 min. at 
94°C, (30 sec. 94°C, 30 sec. at 56°C, 1 min. at 68°C) for 30 cycles, followed by 10 min. at 
68°C. 

The PCR product was purified using a PCR purification kit (LTI) according to the 
manufacturer's instructions, and digested with PacI and Avrll. The digested fragment was 

10 then purified from gel using the GENECLEAN kit (Bio 101, Inc.). The Ad5-based 

adapter plasmid pIPspAdApt-3 was digested with Avrll and then partially with PacI and 
the 5762 bp fragment was isolated in an LMP agarose gel slice and ligated with the 
abovementioned PCR fragment digested with the same enzymes and transformed into 
electrocompetent DH10B cells (LTI). The resulting clone is designated pIPspAdApt3- 

15 Ad351ITR. 

In parallel, a second piece of Ad35 DNA was amplified using the following 
primers: 

335F3: 5 s - TGG TGG AGA TCT GGT GAG TAT TGG GAA AAC-3' (SEQ. LD. NO. 
.J 

20 435R4: 5'- CGG AAT TCT TAA TTA AGG GAA ATG CAA ATC TGT GAG G-3' 
(SEQ. LD.NO._) 

The sequence of this fragment corresponds to nucleotides 3401 to 4669 of 
wtAd35 (FIG. 5) and contains 1.3kb of sequences starting directly 3' from the E1B 55k 
coding sequence. Amplification and purification were done as previously described 

25 herein for the fragment containing the left ITR and packaging sequence. The PCR 

fragment was then digested with PacI and subcloned into pNEB193 vector (New England 
Biolabs) digested with Smal and PacI. The integrity of the sequence of the resulting clone 
was checked by sequence analysis. pNEB/Ad35pF3R4 was then digested with Bgin and 
PacI and the Ad35 insert was isolated from gel using the QIAExII kit (Qiagen). 

30 pIPspAdApt3-Ad351ITR was digested with Bglll and then partially with PacI. The 3624 
bp fragment (containing vector sequences, the Ad35 ITR and packaging sequences as 
well as the CMV promoter, multiple cloning region and polyA signal) was also isolated 
using the QIAExII kit (Qiagen). Both fragments were ligated and transformed into 
competent DH10B cells (LTI). The resulting clone, pAdApt35IP3, has the expression 

35 cassette from pIPspAdApt3 but contains the Ad35 left ITR and packaging sequences and 
a second fragment corresponding to nucleotides 3401 to 4669 from Ad35. A second 
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version of the Ad3 5 adapter plasmid having the multiple cloning site in the opposite 
orientation was made as follows: 

pIPspAdaptl was digested with Ndel and BglH and the 0.7 kbp band containing 
part of the CMV promoter, the MCS and SV40 polyA was isolated and inserted in the 
corresponding sites of pAdApt35IP3 generating pAdApt35IPl (Fig. 6). 

pAdApt35.LacZ and P AdApt35.Luc adapter plasmids were then generated by 
inserting the transgenes from pcDNALacZ (digested with Kpnl and BamHI) and 
pAdAptXuc (digested with Hindlll and BamHI) into the corresponding sites in 
P AdApt35IPl. The generation of pcDNAXacZ and pAdAptXuc is described in 
International Patent Application W099/55132. 

2) Construction of cosmid pWE.Ad35. pIX-rITR 

FIG. 7 presents the various steps undertaken to construct the cosmid clone 
containing Ad35 sequences from bp 3401 to 34794 (end of the right 1TR) that are 
described in detail below. 

A first PCR fragment (pDC-Ndel) was generated using the following primer set 
535F5: 5'-CGG AAT TCG CGG CCG CGG TGA GTA TTG GGA AAA C -3 ' (SEO 
I.D.NO._J 1 V * 

635R6: 5'-CGC CAG ATC GTC TAC AGA ACA G-3' (SEQ. I.D. NO. _J 
DNA polymerase Pwo (Roche) was used according to manufacturer's 
instructions, however, with an end concentration of 0.6 uM of both primers and using 50 
ngr wt Ad35 DNA as template. Amplification was done as follows: 2 min. at 94 »C 30 
cycles of 30 sec. at 94 °C, 30 sec. at 65 °C and 1 min. 45 sec. at 72 °C, followed by 8 min 
at 68 °C. To enable cloning in the TA cloning vector PCR2.1, a last incubation with 1 unit 
superTaq polymerase (HT Biotechnology LTD) for 10 min. at 72 °C was performed. 

The 3370 bp amplified fragment contains Ad35 sequences from bp 3401 to 6772 
with a NotI site added to the 5' end. Fragments were purified using the PCR purification 
kit (LTI). 

A second PCR fragment (Ndel-rlTR) was generated using the following primers- 
735F7: 5'-GAA TGC TGG CTT CAG TTG TAA TC -3' (SEQ. I D. NO _) 
835R8: 5'- CGG AAT TCG CGG CCG CAT TTA AAT CAT CAT CAA TAA TAT 
ACC-3' (SEQ. ID. NO. ) 

Amplification was done with pfx DNA polymerase (LTI) according to 
manufacturer's instructions but with 0.6 uM of both primers and 3% DMSO using 10 
ngr. of wtAd35 DNA as template. The program was as follows: 3 min. at 94 °C and 5 
cycles of 30 sec. at 94 »C, 45 sec. at 40 °C, 2 min.45 sec . at 68 °C followed by 25 cycles 
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of 30 sec. at 94 °C, 30 sec. at 60 °C, 2 min.45 sec. at 68 °C. To enable cloning in the TA- 
cloning vector PCR2. 1 , a last incubation with 1 unit superTaq polymerase for 10 rnin. at 
72 °C was performed. The 1.6 kb amplified fragment ranging from nucleotides 33178 to 
the end of the right ITR of Ad35, was purified using the PCR purification kit ( LIT). 
5 Both purified PCR fragments were ligated into the PCR2.1 vector of the TA- 

cloning kit (Invitrogen) and transformed into STBL-2 competent cells (LTI). Clones 
containing the expected insert were sequenced to confirm correct amplification. Next, 
both fragments were excised from the vector by digestion with NotI and Ndel and 
purified from gel using the GENECLEAN kit (BIO 101, Inc.). Cosmid vector pWE15 

10 (Clontech) was digested with NotI, dephosphorylated and also purified from gel. These 
three fragments were ligated and transformed into STBL2 competent cells (LTI). One of 
the correct clones that contained both PCR fragments was then digested with Ndel, and 
the linear fragment was purified from gel using the GENECLEAN kit. Ad35 wt DNA 
was digested with Ndel and the 26.6 kb fragment was purified from LMP gel using 

15 agarase enzyme (Roche) according to the manufacturer's instructions. These fragments 
were ligated together and packaged using Xl phage packaging extracts (Stratagene) 
according to the manufacturer's protocol. After infection into STBL-2 cells, colonies 
were grown on plates and analysed for presence of the complete insert. One clone with 
the large fragment inserted in the correct orientation and having the correct restriction 

20 patterns after independent digestions with three enzymes (Ncol, PvuII and Seal) was 
selected. This clone is designated pWE Ad35.pDC-rITR. It contains the Ad35 sequences 
from bp 3401 to the end and is flanked by NotI sites (FIG. 8). 

3) Generation of Ad35 based recombinant viruses on PER.C6. 

25 Wild type Ad35 virus can be grown on PER.C6 packaging cells to very high 

titers. However, whether the Ad5-El region that is present in PERC6 is able to 
complement El -deleted Ad35 recombinant viruses is unknown. To test this, PER.C6 cells 
were cotransfected with the above described adapter plasmid pAdApt35.LacZ and the 
large backbone fragment p WE. Ad3 5 .pDC-rlTR. First, pAdApt35.LacZ was digested with 

30 Pad and pWE.Ad35.pIX-rITR was digested with NotI. Without further purification, 4 
figr of each construct was mixed with DMEM (LTI) and transfected into PER.C6 cells, 
seeded at a density of 5x1 0 6 cells in a T25 flask the day before, using Lipofectamin (LTI) 
according to the manufacturer's instructions. As a positive control, 6ngr of Pad digested 
pWE Ad35.pK-rITR DNA was cotransfected with a 6.7 kb Nhel fragment isolated from 

35 Ad35 wt DNA containing the left end of the viral genome including the El region. The 
next day, medium (DMEM with 10% FBS and lOmM MgCl 2 ) was refreshed and cells 
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were further incubated. At day 2 following the transfection, cells were trypsinized and 
transferred to T80 flasks. The positive control flask showed CPE at five days following 
transfection, showing that the P WE.Ad35.pIX-rITR construct is functional at least in the 
presence of Ad35-El proteins. The transfection with the Ad35 LacZ adapter plasmid and 
pWE.A<tf 5.prX-rITR did not give rise to CPE. These cells Were harvested in the medium 
at day 10 and freeze/thawed once to release virus from the cells. 4 ml of the harvested 
material was added to a T80 flask with PER.C6 cells (at 80% confluency) and incubated 
for another five days. This harvesfre-infection was repeated for two times but there was 
no evidence for virus associated CPE. 

From this experiment, it seems that the Ad5-El proteins are not, or not well 
enough, capable of complementing Ad35 recombinant viruses, however, it may be that 
the sequence overlap of the adapter plasmid and the pWE.Ad35.pIX-rITR backbone 
plasmid is not large enough to efficiently recombine and give rise to a recombinant virus 
genome. The positive control transfection was done with a 6.7kb left end fragment and 
therefore the sequence overlap was about 3.5kb. The adapter plasmid and the 
pWE.Ad35.pDC-rITR fragment have a sequence overlap of 1.3kb. To check whether the 
sequence overlap of 1.3 kb is too small for efficient homologous recombination, a 
cotransfection was done with Pad digested pWE.Ad35.prX-rITR and a PCR fragment of 
Ad35 wt DNA generated with the above mentioned 35F1 and 35R4 using the same 
procedures as previously described herein. The PCR fragment thus contains left end 
sequences up to bp 4669 and, therefore, has the same overlap sequences with 
pWE.Ad35.pIX-rrTR as the adapter plasmid pAdApt35.LacZ, but has Ad35 El 
sequences. Following PCR column purification, the DNA was digested with Sail to 
remove possible intact template sequences. A transfection with me digested PCR product 
alone served as a negative control. Four days after the transfection, CPE occurred in the 
cells transfected with the PCR product and the Ad35 pK-rlTR fragment, and not in the 
negative control. This result shows that a 1.3kb overlapping sequence is sufficient to 
generate viruses in the presence of Ad35 El proteins. From these experiments, we 
conclude that the presence of at least one of the Ad35.El proteins is necessary to generate 
recombinant Ad35 based vectors from plasmid DNA on Ad5 complementing cell lines. 
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Example 5 

1) Construction of Ad35JE 1 expression plasmids 

Since Ad5-El proteins in PER.C6 are incapable of complementing Ad35 
recombinant viruses efficiently, Ad35 El proteins have to be expressed in Ad5 
5 complementing cells (e.g., PER.C6). Alternatively, a new packaging cell line expressing 
Ad35 El proteins has to be made, starting from either diploid primary human cells or 
established cell lines not expressing adenovirus El proteins. To address the first 
possibility, the Ad35 El region was cloned in expression plasmids as described below. 

First, the Ad35 El region from bp 468 to bp 3400 was amplified from wtAd35 
10 DNA using the following primer set: 

135F1 1: 5'-GGG GTA CCG AAT TCT CGC TAG GGT ATT TAT ACC-3' (SEQ. LD. 
NO._) 

235F10: 5*-GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG-3' 
(SEQ. ID.NO._J 
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This PCR introduces a Kpnl and EcoRI site at the 5' end and an Sbfl and Xbal 
site at the 3' end. 

^P^ononSngr.templateDNAwasdonewithPwoDNApolymerase 
(Roche) using the manufacturer's instructions, however, with both primers at a final 

Z7T*°* ° f 0 6 ^ ™ e ™ « follows: 2 mh, at 94 °C, 5 cycles of 30 sec. 

at94 C,30sec.at56'Cand2min.at72«'C,followedby25cyclesof30sec.at94«'C 30 
sec. at 60 °C and 2 min. at 72 »C, followed by 1 0 min. at 72 °C. PCR product was purified 
by a PCR purification kit (LTD and digested with Kpnl and Xbal. The digested PCR 
fragment was then ligated to the expression vector pRSVhbvNeo (see below) also 
digested with Kpnl and Xbal. Ligations were transformed into competent STBL-2 cells 
(LTD according to manufacturer's instructions and colonies were analysed for the correct 
msernon of Ad35El sequences into the polylinker in between the RSV promoter and 
HBVpolyA. 



in n* J^JJT^ d0ne ^ dCSi8nated ^ YA ^ (KG- 9). The Ad35 sequences 
in P RSV.Ad35-El were checked by sequence analysis. 

PRSVhbvNeo was generated as follows: pRc-RSV (Invitrogen) was digested with 
PvuII, dephosphorylated with TSAP enzyme (LTD, and the 3kb vector fragment was 
isolated in low melting point agarose (LMP). PlasmidpPGKneopA (FIG. 10; described in 
taternational Patent Application W096/35798) was digested with Sspl completely to 
linearize the plasmid and facilitate partial digestion with PvuII. Following the partial 

Ac 2245 bp PvuII fragment, containing the PGK promoter, neomycin-resistance gene and 
HBVpolyA was isolated. Both isolated fragments were ligated to give the expression 
vector pRSV-pNeo that nowhas the original SV40prom-neo-SV40polyA expression 
cassette replaced by a PGKprom-neo-HBVpolyA cassette (FIG. 1 1). This plasmid was 
further modified to replace me BGHpA with the HBVpA as follows: pRSVpNeo was 
imeansed with ScaI md Me[ ^ ^ ^ & ^ ^ 

P^t of the Amp gene and the RSV promoter sequences and polylinker sequence, was 
isolated from gel using the GeneClean kit (Bio Inc. 101). Next, pRSVpNeo was 
Imeansed with Seal and further digested with EcoRI partially and the 3704 bp fragment 
containmgthePGKneo cassette andthevector sequences were isolated fromgelaf 
above A third fragment, containing the HBVpolyA sequence flanked by Xbal and 
EcoRI at the 5' and 3 ■ end respectively, was then generated by PCR amplification on 
pRSVpNeo using the followingprimer set: 

3HBV-F: 5'- GGC TCT AGA GAT CCT TCG CGG GAC GTC -3 - (SEQ. I.D. NO. _J 
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4HBV-R: 5'- GGC GAA TTC ACT GCC TTC CAC CAA GC -3' (SEQ. LD. NO. _). 

Amplification was done with Elongase enzyme (LTI) according to the 
manufacturer's instructions with the following conditions: 30 seconds at 94°C, then 5 
cycles of 45 seconds at 94 °C, 1 minute at 42 °C and 1 minute 68 °C, followed by 30 
5 cycles of 45 seconds at 94 °C, 1 minute at 65 °C and 1 minute at 68 °C, followed by 10 
minutes at 68 °C. The 625 bp PCR fragment was then purified using the Qiaquick PCR 
purification kit, digested with EcoRI and Xbal and purified from gel using the 
GENECLEAN kit. The three isolated fragments were ligated and transformed into DH5oc 
competent cells (LTI) to give the construct pRSVhbvNeo (FIG. 12). In this construct, the 
1 0 transcription regulatory regions of the RS V expression cassette and the neomycin 
selection marker are modified to reduce overlap with adenoviral vectors that often 
contain CMV and SV40 transcription regulatory sequences. 

2) Generation of Ad35 recombinant viruses on PER.C6 cells cotransfected with an 

15 Ad35-El expression construct . 

PER.C6 cells were seeded at a density of 5 x 10 6 cells in a T25 flask and, the next 
day, transfected with a DNA mixture containing: 
1 \ig pAdApt35XacZ digested with Pad 
5 \ig pRSVAd35El undigested 

20 2 ng pWE.Ad35.pIX-rITR digested with NotI 

Transfection was done using Lipofectamine according to the manufacturer's 
instructions. Five hours after addition of the transfection mixture to the cells, medium 
was removed and replaced by fresh medium. After two days, cells were transferred to 
T80 flasks and further cultured. One week post-transfection, 1 ml of the medium was 

25 added to A549 cells and, the following day, cells were stained for LacZ expression. Blue 
cells were clearly visible after two hours of staining indicating that recombinant LacZ 
expressing viruses were produced. The cells were further cultured, but no clear 
appearance of CPE was noted. However, after 12 days, clumps of cells appeared in the 
monolayer and 18 days following transfection, cells were detached. Cells and medium 

30 were then harvested, freeze-thawed once, and 1 ml of the crude lysate was used to infect 
PER.C6 cells in a 6-well plate. Two days after infection, cells were stained for LacZ 
activity. After two hours, 1 5% of the cells were stained blue. To test foT the presence of 
wt and / or replicating competent viruses, A549 cells were infected with these viruses and 
further cultured. No signs of CPE were found indicating the absence of replication 

35 competent viruses. These experiments show that recombinant AdApt35.LacZ viruses 
were made on PER.C6 cells cotransfected with an Ad35-El expression construct 
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Ad35 recombinant viruses escape neutralization in human serum containing neutralizing 
activity to Ad5 viruses. 

The AdApt35.LacZ viruses were then used to investigate infection in the presence 
of serum that contains neutralizing activity to Ad5 viruses. Purified Ad5-based LacZ 
virus served as a positive control for NA. Hereto, PER.C6 cells were seeded in a 24-wells 
plate at a density of 2x10 s cells/well. The next day, a human serum sample with high 
neutralizing activity to Ad5 was diluted in culture medium in five steps of five times 
dilutions. 0.5 ml of diluted serum was then mixed with 4xl0 6 vims particles 
AdApt5.LacZ virus in 0.5 ml medium and after 30 minutes of incubation at 37 °C, 0.5 ml 
of the mixture was added to PER.C6 cells in duplicate. For the AdApt35.LacZ viruses, 
0.5 ml of the diluted serum samples were mixed with 0.5 ml crude lysate containing 
AdApt35.LacZ virus and after incubation 0.5 ml of this mixture was added to PER.C6 
cells in duplo. Virus samples incubated in medium without serum were used as positive 
controls for infection. After two hours of infection at 37 °C, medium was added to reach a 
final volume of 1 ml and cells were further incubated. Two days after infection, cells 
were stained for LacZ activity. The results are shown in Table JL From these results, it is 
clear that whereas AdApt5.LacZ viruses are efficiently neutralized, AdApt35.LacZ ' 
viruses remain infectious irrespective of the presence of human serum. This proves that 
recombinant Ad35-based viruses escape neutralization in human sera that contain NA to 
Ad5-based viruses. 



Example 6 

Generation of cell lines capable of comp lementing RI-HdQted Ad35 vimsg g 
Generation of pIG135 and p Tfi77n 

ConstmctpIG.ElA.ElB (FIG. 13) contains El region sequences of Ad5 
corresponding to nucleotides 459 to 3510 of the wt Ad5 sequence (Genbank accession 
number M72360) operatively linked to the human phosphoglycerate kinase promoter 
("PGK") and the Hepatitis B Virus polyA sequences. The generation of this construct is 
described in International Patent Application No. WO97/00326. The El sequences of 
Ad5 were replaced by corresponding sequences of Ad35 as follows. pRSV.Ad35-El 
(described in Example 5) was digested with EcoRI and Sse8387I and the 3 kb fragment 
corresponding to the Ad35 El sequences was isolated from gel. Construct P IG.E1A E1B 
was digested with Sse8387I completely and partially with EcoPJ. The 4.2 kb fragment 
corresponding to vector sequences without the Ad5 El region but retaining the PGK 
promoter were separated from other fragments on LMP agarose gel and the correct band 
was excised from gel. Both obtained fragments were ligated resulting in P IGAd35-El. 
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This vector was fiirther modified to remove the LacZ sequences present in the 
pUCl 19 vector backbone. Hereto, the vector was digested with BsaAI and BstXI and the 
large fragment was isolated from gel. A double stranded oligo was prepared by annealing 
the following two oligos: 
5 1BB1: 5'-GTG CCT AGG CCA CGG GG-3' (SEQ. I.D. NO. _J and 
2BB2: 5'-GTG GCC TAG GCA C-3' (SEQ. LD. NO. _). 

Ligation of the oligo and the vector fragment resulted in construct pIG135 (FIG. 
14). Correct insertion of the oligo restores the BsaAI and BstXI sites and introduces a 
unique Avrll site. Next, we introduced a unique site at the 3* end of the Ad35-El 

1 0 expression cassette in pIG135. Hereto, the construct was digested with Sapl and the 3 ' 
protruding ends were made blunt by treatment with T4 DNA polymerase. The thus 
treated linear plasmid was further digested with BsrGI and the large vector-containing 
fragment was isolated from gel. To restore the 3' end of the HBVpolyA sequence and to 
introduce a unique site, a PCR fragment was generated using the following primers: 

15 3270F: 5'- CAC CTC TGC CTA ATC ATC TC -3' (SEQ. I.D. NO. _) and 

4270R: 5'- GCT CTA GAA ATT CCA CTG CCT TCC ACC -3' (SEQ. LD. NO. _). 

The PCR was performed on pIG.Ad35.El DNA using Pwo polymerase (Roche) 
according to the manufacturer's instructions. The obtained PCR product was digested 
with BsrGI and dephosphorylated using Tsap enzyme (LIT), the latter to prevent insert 

20 dimerization on the BsrGI site. The PCR fragment and the vector fragment were ligated 
to yield construct pIG270 (FIG. 1 5). 

Ad35 El sequences are capable of transforming rat primary cells 

New born WAG/RIJ rats were sacrificed at 1 week of gestation and kidneys were 

25 isolated. After careful removal of the capsule, kidneys were disintegrated into a single 
cell suspension by multiple rounds of incubation in trypsin/EDTA (LTI) at 37 °C and 
collection of floating cells in cold PBS containing 1% FBS. When most of the kidney was 
trypsinized all cells were re-suspended in DMEM supplemented with 10% FBS and 
filtered through a sterile cheesecloth. Baby Rat Kidney (BRK) cells obtained from one 

30 kidney were plated in 5 dishes (Greiner, 6 cm). When a confluency of 70-80% was 
reached, the cells were transfected with 1 or 5 jigr DNA/dish using the CaP04 
precipitation kit (LTI) according to the manufacturer's instructions. The following 
constructs were used in separate transfections: pIG.ElA.ElB (expressing the Ad5-El 
region), pRSV.Ad35-El, pIG.Ad35-El and pIG270 (expressing the Ad35-El region). 

35 Cells were incubated at 37 °C, 5% CO2 until foci of transformed cells appeared. Table III 
shows the number of foci that resulted from several transfection experiments using 
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circular or linear DNA. As expected, the AdS-El region efficiently transformed BRK 
cells. Foci also appeared in the Ad35-El transfected cell layer although with lower 
efficiency. The Ad35 transformed foci appeared at a later time point: ~2 weeks post 
transection compared with 7-10 days for Ad5-El. These experiments clearly show that 
the El genes of the B group virus Ad35 are capable of transforming primary rodent cells 
Tins proves the functionality of the Ad35-El expression constructs and confiims earlier 
findings of the transforming capacity of the B-group viruses Ad3 and Ad7 (Dijkema, 
1979). To test whether the cells in the foci were really transformed a few foci were ' 
picked and expanded. From the 7 picked foci at least 5 turned out to grow as established 
cell lines. 

Generation of new packaging cells derived from primary human amniocytes 

Amniotic fluid obtained after amniocentesis was centrifuged and cells were re- 
suspended in AmnioMax medium (LTI) and cultured in tissue culture flasks at 37 °C and 
10 % C0 2 . When cells were growing nicely (approximately one cell division/24 hrs.), the 
medium was replaced witha 1:1 mixture of AmnioMax complete medium and DMEM 
low glucose medium (LTI) supplemented with Glutamax I (end concentration 4mM, LTI) 
and glucose (end concentration 4.5 gr/L, LTI) and 10% FBS (LTI). For transfection ~ 
5x10 cells were plated in 10 cm tissue culture dishes. The day after, cells were 
transfected with 20 ugr of circular pIG270/dish using the CaP0 4 transfection kit (LTI) 
according to manufacturer's instructions and cells were incubated overnight with the 
DNA precipitate. The following day, cells were washed 4 times with PBS to remove the 
precipitate and further incubated for over three weeks until foci of transformed cells 
appeared. Once a week the medium was replaced by fresh medium. Other transfection 
agents like, but not limited to, LipofectAmine (LTI) or PEI (Polyemylenimine high 
molecular weight, water-free, Aldrich) were used. Of these three agents PEI reached the 
best transfection efficiency on primary human amniocytes: -1% blue cells 48 hrs. 
Following transfection of pAdApt35. LacZ. 

Foci are isolated as follows. The medium is removed and replaced by PBS after 
which foci are isolated by gently scraping the cells using a 50-200 ul Gilson pipette with 
a disposable filter tip. Cells contained in -10 uml PBS were brought in a 96 well plate 
containing 15 ul trypsin/EDTA (LTI) and a single cell suspension was obtained by 
pipetting up and down and a short incubation at room temperature. After addition of 200 
ill of the above described 1:1 mixture of AmnioMax complete medium and DMEM with 
supplements and 1 0% FBS, cells were further incubated. Clones that continued to grow 
were expanded and analysed their ability to complement growth of El-deleted adenoviral 
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vectors of different sub-groups, specifically ones derived from B-group viruses 
specifically from Ad35 or Adl 1. 

Generation of new packaging cell lines from HER cells 
5 HER cells are isolated and cultured in DMEM medium supplemented with 1 0% 

FBS (LTI). The day before transfection, ~5xl0 5 cells are plated in 6 cm dishes and 
cultured overnight at 37 °C and 10% CO2. Transfection is done using the CaPC>4 
precipitation kit (LTI) according to the manufacturer's instructions. Each dish is 
transfected with 8-10 jumgr p I G2 7 0 DNA, either as a circular plasmid or as a purified 

10 fragment. To obtain the purified fragment, pIG270 was digested with Avrll and Xbal and 
the 4 kb fragment corresponding to the Ad35 El expression cassette was isolated from 
gel by agarase treatment (Roche). The following day, the precipitate is washed away 
carefully by four washes with sterile PBS. Then fresh medium is added and transfected 
cells are further cultured until foci of transformed cells appear. When large enough (>100 

15 cells) foci are picked and brought into 96- wells as described above. Clones of 

transformed HER cells that continue to grow, are expanded and tested for their ability to 
complement growth of El -deleted adenoviral vectors of different sub-groups specifically 
ones derived from B-group viruses specifically from Ad35 or Adl 1. 

20 New packaging cell lines derived front PER. C6 

As described in Example 5, it is possible to generate and grow Ad35 El -deleted 
viruses on PER.C6 cells with cotransfection of an Ad35-El expression construct, e.g. 
pRSV.Ad35.El. However, large-scale production of recombinant adenoviruses using this 
method is cumbersome because, for each amplification step, a transfection of the Ad35- 

25 El construct is needed. In addition, this method increases the risk of non-homologous 
recombination between the plasmid and the virus genome with high, chances of * 
generation of recombinant viruses that incorporate El sequences resulting in replication 
competent viruses. To avoid this, the expression of Ad35-El proteins in PERC6 has to 
be mediated by integrated copies of the expression plasmid in the genome. Since PER.C6 

30 cells are already transformed and express Ad5-El proteins, addition of extra Ad35-El 
expression may be toxic for the cells, however, it is not impossible to stably transfect 
transformed cells with El proteins since Ad5-El expressing A549 cells have been 
generated. 

In an attempt to generate recombinant adenoviruses derived from subgroup B 
35 virus Ad7, Abrahamsen et ah (1 997) were not able to generate El -deleted viruses on 293 
cells without contamination of wt Ad7, Viruses that were picked after plaque purification 



WO 02/40665 



31 



PCT/NLOl/00824 



10 



15 



20 



25 



30 



35 



on 293-ORF6 cells (Brough et aL, 1 996) were shown to have incorporated Ad7 E1B 
sequences by non-homologous recombination. Thus, efficient propagation of Ad7 
recombinant viruses proved possible only in the presence of Ad7-E1B expression and 
Ad5-E4-ORF6 expression. The E1B proteins are known to interact with cellular as well 
as viral proteins (Bridge et al, 1993 r White, 1995). Possibly, the complex formed 
between the E1B 55K protein and E4-ORF6 which is necessary to increase mRNA export 
of viral proteins and to inhibit export of most cellular mRNAs, is critical and in some way 
serotype specific. The above experiments suggest that the E1A proteins of Ad5 are 
capable of complementing an Ad7-E1A deletion and that Ad7-E1B expression in 
adenovirus packaging cells on itself is not enough to generate a stable complementing 
cell Ime. To test whether one or both of the Ad35-E1B proteins is/are the limiting factor 
in efficient Ad35 vector propagation on PER.C6 cells, we have generated an Ad3 5 
adapter plasmid that does contain the E1B promoter and E1B sequences but lacks the 
promoter and the coding region for El A. Hereto, the left end of wtAd35 DNA was 
amplified using the primers 35F1 and 35R4 (both described in Example 4) with Pwo 
DNA polymerase (Roche) according to the manufacturer's instructions. The 4 6 kb PCR 
product was purified using the PCR purification kit (LTI) and digested with SnaBI and 
Apal enzymes. The resulting 4.2 kb fragment was then purified from gel using the 
QIAExII kit (Qiagen). Next, pAdApt35IPl (Example 4) was digested with SnaBI and 
Apal and the 2.6 kb vector-containing fragment was isolated from gel using the 
GeneClean kit (BIO 101, Inc). Both isolated fragments were ligated to give 
pBr/Ad35.1eftITR-pIX (FIG.16). Correct amplification during PCR was verified by a 
functionality test as follows: The DNA was digested with BstBI to liberate the Ad35 
insert from vector sequences and 4 ug ofthisDNAwasco-transfectedwith4ug of 
NotI digested P WE/Ad35. P IX-rITR (Example 4) into PERC6 cells. The transfected cells 
were passaged to T80 flasks at day 2 and again two days later CPE had formed showing 
thatmenewpBr/AdSSdeftlTR-prXconstmctcontdnstmctionalEl sequences. The 
pBr/Ad35.1eftITR- P IX construct was then further modified as follows. The DNA was 
digested with SnaBI and HindlH and the 5' Hindll overhang was filled in using Klenow 
enzyme. Religation of the digested DNA and transforation into competent cells (LTI) 
gaveconstructpBr/AdSSleftlTR-pKADKlA (FIG. 17). This latter construct contains the 
left end 4.6 kb of Ad35 except for E1A sequences between bp 450 and 1341 (numbering 
according to wtAd35, FIG. 5) and thus lacks the El A promoter and most of the E1A 
coding sequences. pBr/Ad35.1eftITR-pIXADE 1 A was then digested with BstBI and 2 ug 
of this construct was co-transfected with 6 umgr of NotI digested 
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pWE / Ad3 5 . p IX- rITR (Example 4) into PER.C6 cells. One week following 
transfection full CPE had formed in the transfected flasks. 

This experiment shows that the Ad35-E1A proteins are functionally 
complemented by Ad5-El A expression in PER.C6 cells and that at least one of the Ad35- 
5 E1B proteins cannot be complemented by Ad5-El expression in PER.C6. It further 
shows that it is possible to make a complementing cell line for Ad35 El -deleted viruses 
by expressing Ad35-E1B proteins in PER.C6. Stable expression of Ad35-E1B sequences 
from integrated copies in the genome of PER.C6 cells may be driven by the E1B 
promoter and terminated by a heterologous poly-adenylation signal like, but not limited 

10 to, the HBVpA. The heterologous pA signal is necessary to avoid overlap between the 
E1B insert and the recombinant vector, since the natural E1B termination is located in the 
pDC transcription unit that has to be present on the adenoviral vector. Alternatively, the 
E1B sequences may be driven by a heterologous promoter like, but not limited to the 
human PGK promoter or by an inducible promoter like, but not limited to the 7xtetO 

15 promoter (Gossen and Bujard, 1992). Also in these cases the transcription termination is 
mediated by a heterologous pA sequence, e.g. the HBV pA. The Ad35-E1B sequences at 
least comprise one of the coding regions of the E1B 21 K and the E1B 55K proteins 
located between nucleotides 1611 and 3400 of the wt Ad35 sequence. The insert may also 
include (part of the) Ad35-E1B sequences between nucleotides 1550 and 1611 of the wt 

20 Ad35 sequence. 

Example 7 

Ad35-based viruses deleted for El A and El B-2 IK genes efficiently propagate on Ad5 
complementing cell lines. 

25 The generation of Ad35-based viruses that are deleted for El A and retain the full 

E1B region is described in Example 6 of this application. Such viruses can be generated 
and propagated on the Ad5 complementing cell line PER.C6. The E1B region comprises 
partially overlapping coding sequences for the two major proteins 21K and 55K (Bos et 
aL, 1981). Whereas during productive wt adenoviral infection both 21K and 55K are 

30 involved in counteracting the apoptose-inducing effects of E 1 A proteins, the E IB 55K 
protein has been suggested to have additional functions during the late phase of virus 
infection. These include the accumulation of viral mRNAs, the control of late viral gene 
expression and the shutoff of most host mRNAs at the level of mRNA transport (Babiss 
et al, 1984, 1985; Pilder et al. 9 1986). A complex formed between E1B-55K and the 

35 ORF6 protein encoded by the adenovirus early region 4 (Leppard and Shenk, 1989; 
Bridge and Ketner, 1990) exerts at least part of these functions. 
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To analyze which of the E1B proteins is required for propagation of Ad35-E1A 
deleted recombinant viruses on PER.C6 packaging cells, the E1B region in construct 
pBr.Ad35.1eftlTR-pIXAElA (see Example 6 and FIG. 17) was further deleted. A first 
construct, P Br.Ad35A2 1 K, retains the full E1B-55K sequence and is deleted for E1A 
and E1B-21K. Hereto, pBr Ad35.1eftITR-pIXAE 1 A was digested with Ncol and BspEl 
and the 5 KB vector fragment was isolated from agarose gel using the geneclean kit (BIO 
101, Inc.) according to the manufacturer's instructions. Then a PCR fragment was 
generated with pBr.Ad35.1eftITR-pIXAElA as template DNA using the following 
primers: 

135D21: 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3' (SEQ. I.D. NO. _) and 
235B3: 5'- CCT CAG CCC CAT TTC CAG-3' (SEQ. I.D. NO. __). 
3Amplification was done using Pwo DNA polymerase (Roche) according to 
manufacturer's recommendations with the addition of DMSO (final concentration 3%) in 
the reaction mixture. The PCR program was as follows: 94°C for 2', then 30 cycles of 
94°C for 30", 58°C for 30" and 72°C for 45" and a final step at 68°C for 8' to ensure 
blunt ends. 

This PCR amplifies Ad35-E1B sequences from nucl. 1908 to 2528 (sequence 
Ad35, FIG. 5) and introduces an Ncol site at the start codon of the E1B-55K coding 
sequence (bold in primer 35D21). The 620 bp PCR fragment was purified using the PCR 
purification kit (Qiagen) and then digested with Ncol and BspEI, purified from agarose 
gel as above and ligated to the above described NcoI/BspEl digested vector fragment to 
givepBr.Ad35A21K (FIG. 18). 

Since the coding regions of the 21K and 55K proteins overlap, it is only possible 
delete part of the 55K coding sequences while retaining 21K. Hereto, pBr.Ad35.1eftITR- 
pIXAElA was digested with Bglll and the vector fragment was religated to give 
pBr.Ad35A5 5K1 (FIG. 19). This deletion removes E1B coding sequences from nucl. 
2261 to 3330 (Ad35 sequence in FIG. 5). In this construct the N-terminal 115 amino 
acids are retained and become fused to 21 additional amino acids out of the proper 
reading frame before a stop codon is encountered. The 21K coding region is intact in 
construct pBr.Ad3 5A55K1 . 

A third construct that has a deletion of El A 21K and most of the 55K sequences 
was generated as follows. pBr.Ad35.1eftrTR-pIX (FIG. 16) was digested with SnaBI and 
Mfel (isoschizomer of Muni) and the 5' overhang resulting from the Mfel digestion was 
filled in using Klenow enzyme. The 4.4 kb vector fragment was isolated from gel using 
the geneclean kit (Bio 101, Inc.) according to the manufacturer's instructions and 
religated to give construct pBr.Ad35ASM (FIG. 20). In this construct, the Ad35 
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sequences between nucl. 453 and 2804 are deleted thus 596 nucl. of the 3' end of Elb- 
55K are retained. A further deletion of 55K sequences was made in construct 
pBr. Ad3 5 AE 1 A . AE 1 B by digestion of pBr.Ad35.1eftITR-pIX with SnaBI and Bglll, 
Klenow treatment to fill in the Bglll cohesive ends, and religation. FIG. 21 shows a 
5 schematic representation of the above mentioned constructs. 

To test whether Ad35-based viruses can be generated with these constructs, each 
of the constructs was cotransfected with NotI digested pWE.Ad35pEX-rITR (see Example 
4) onto PER.C6 cells. Hereto, the respective fragments were PCR amplified using 
primers 35F1 and 35R4 (see, Example 4). This PCR amplification was done since some 

10 of the constructs were difficult to isolate in large enough quantities. In this way, equal 
quality of the different adapter fragments was ensured. For the amplification Pwo DNA 
polymerase (Roche) was used according to the manufacturer's instructions but with 
DMSO (3% final concentration)added to the PCR mixture. Of each template ~ 50 ng 
DNA was used. The conditions for the PCR were as follows: 94°C for 2\ then 5 cycles of 

15 94°C for 30", 48°C for 45" and 72°C for 4' followed by 25 cycles of 94°C for 30", 
60°C for 30" and 72°C for 4* and a final step at 68°C for 8\ 
4PCR fragments were generated from pBr.Ad351eftITR-pIX, pBr.Ad35.1eftITR- 
pKAElA, pBr.Ad35A21K, pBr . Ad35A55Kl, pBr . Ad35ASM and 
pBr . Ad35AElAAElB . All fragments were using the PCR purification kit (Qiagen) 

20 according to manufacturer's instructions and final concentrations were estimated on EtBr 
stained agarose gel using the Eagle Eye II Still Video system and EagleSight software 
(Stratagene) with the SmartLadder molecular weight marker (Eurogentec) as reference. 
PER.C6 cells were seeded at a density of 2.5x1 0 6 cells in a T25 culturing flask in DMEM 
containing 10% fetal calf serum (FCS) and lOmM MgS0 4 and cultured in a humidified 

25 stove at 37°C, 10% C0 2 . The next day, 3 mg of each of the PCR fragments was 
cotransfected with 5 p,gr NotI digested pWE.Ad35pIX-rITR using 
LipofectAmine (GIBCO, Life Technologies Inc.) according to the manufacturer's 
instructions. Two days after the transfection, all cells were passed to a T80 flask and 
further cultured. Cultures were then monitored for the appearance of CPE. In line with 

30 the outcome of previous experiments described in Examples 4 and 6, pBr.Ad35.1eftITR- 
pIX and pBr.Ad35.1eftITR-pIXAElA showed almost full CPE within one week 
following transfection. Of the fragments with different E1B deletions only 
pBr.Ad35A2 IK showed CPE at the same time as the above two fragments. Constructs 
pBr.Ad35A55Kl, pBr . Ad35ASM and pBr . Ad35AElAAElB did not give CPE at 

35 all, also not after harvesting by freeze-thawing and re-infection of the crude lysate onto 
fresh PER.C6 cells. 
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From these experiments, it can be concluded that Ad35-E1B-55K, and not E1B- 
21K, is necessary for generation and propagation of Ad35-based viruses on Ad5 
complementing cell lines. Therefore, Ad35-based viruses having a deletion of the E1A 
and E1B 21K genes and having the E1B-55K gene or a functional fragment thereof, can 
be grown on Ad5 complementing cell lines. - Alternatively, Ad35-based viruses can be 
grown on PER.C6 cells that stably express the full E1B region or the E1B-55K gene or a 
functional fragment thereof. The Ad35 E1B-55K gene or functional parts thereof may be 
expressed from a heterologous promoter, like, but not limited to, the human PGK 
promoter, the human cytomegalovirus immediate early promoter (CMV), Rous sarcoma 
virus promoter, etc. and terminated by a heterologous poly adenylation sequence (pA), 
like but not limited to the hepatitis B virus poly adenylation sequence (HBVpA), the 
Simian Virus 40 poly adenylation sequence (SV40pA), etc. As non-limiting examples 
PER.C6 cells that express the Ad35-E1B region driven by the E1B promoter and 
HBVpA, PER.C6 cells that express the Ad35-E1B region driven by the human PGK 
promoter and HBVpA and PER.C6 cells that express a functional fragment of Ad35 E1B- 
55K driven by the human PGK promoter and HBVpA are described below. 

Generation of pIG35BL and pIG35BS 

We describe the generation of two expression constructs, pIG.35BS and 
pIG.35BL, that both carry the Ad35-E1B genes and a neomycin selection marker. The 
two constructs differ in the length of the fragment containing the E1B promoter, m 35BL 
the promoter fragment is longer and includes the 3' end of the El A region (103 nucl. 
coding sequence and pA). The E1B region is terminated by the HBVpolyA, the neo r 
gene is driven by a hPGK promoter/HB VpA cassette. 

PIG.35BL was made as follows. Construct pRSVAd35El (described in Example 5, FIG. 
9) was digested with Nrul and Hindin and the protruding ends were filled in by Klenow 
treatment. The 7 kb vector fragment was separated from the smaller fragment on gel and 
isolated using the geneclean kit (BIO 101, Inc.). After retigation of the DNA and 
transformation into competent STBL2 cells (Gibco, LTI) correct clones were isolated. 
pIG.35BL (FIG. 22) contains 273 nucl. upstream of the start site of the E1B-21K coding 
region. 

pIG.35BS was made in the same way as pIG.35BL except that pRSV.Ad35El was 
digested with Nrul and Hpal (both enzymes leave blunt ends), resulting in a shorter 
fragment upstream of the coding region of E1B-21K: 97 nucleotides. 
To generate Ad35-E1B expressing cells, PER.C6 cells were seeded in 10 cm dishes at 
1x10 s cells/dish. Two days later cells were transfected with Seal linearised constructs. 
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Four dishes were transfected with 1 and four with 2 |ag DNA (total of 16 dishes; 
Lipofectamine (Gibco, LTI), no carrier DNA used) according to the manufacturer's 
instructions. The next day, transfected cells received G41 8-containing medium (0.75 
mg/ml). Control transfections using LacZ expression constructs (2 fig ) were stained 

5 after 48 hrs arid showed a transfection efficiency of ~25%. Four days following addition 
of selection medium untransfected cells started to die and again three days later clones 
were becoming visible. A week later, the first clones were picked. Transfection with 1 |j.g 
resulted in less and also initially smaller clones (total ~20 clones/dish against >S0 
clones/dish for the transfection with 2 \xq DNA). The positive control transfection using 

10 2 jig pcDNA3 (Invitrogen) resulted in ~ 50 clones. 

In total, 120 clones were picked and 107 were succesfully established (55 from pIG35BS 
and 52 frompIG35BL). 

Generation of pIG35Bneo 

15 pIG35Bneo is an Ad35-E1B expression plasmid from which the E1B genes are 

expressed from a heterologous promoter (hPGK) and that also contains a neomycin 
resistance expression cassette. To avoid instability of the plasmid due to recombination 
events on homologous sequences, the RSV promoter drives the neo r gene. To achieve 
this, construct pRSVhbv.Neo (described in Example 5, FIG. 12) was digested with Seal 

20 and BamHI and protruding ends were filled in using Klenow enzyme. The 1070 bp 

fragment containing part of the Ampicilin gene and the RSV promoter was isolated from 
gel using the geneclean kit (BIO 101, Inc.). Next, pRSVhbvNeo was digested with Seal 
and EcoRI, blunted with Klenow and the 3.2 kb fragment containing the neo gene, 
HB VpA, vector and part of the Ampicilin gene was isolated as above. The two fragments 

25 were then ligated to give pRSVneo4 (FIG. 23). Construct pIG270 (FIG. 1 5, described in 
Example 6) was then digested with EcoRI and Ncol and sticky ends were blunted with 
Klenow enzyme. The vector-containing fragment was isolated from gel as described 
above and religated to give pIG270delEl A. This construct was digested with Avrll and 
Xbal and protruding ends were filled in using Klenow enzyme. The 2.9 kb fragment 

30 containing the hPGK promoter and Ad35.ElB sequences was isolated from gel as above. 
Next, pRSVneo4 was digested with Bglll, blunted with Klenow enzyme, 
dephosphorylated and isolated from gel. The blunted Avrll/Xbal Ad35.ElB fragment 
was then ligated with the above prepared pRSVneo4 vector fragment and resulting clones 
were analysed. One clone that contained both expression cassettes in the same 

35 orientation was choosen and named pIG35Bneo (FIG. 24). Detailed analysis of this clone 
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revealed that an extra Bglll site was present probably due to an incomplete Klenow 
reaction (Bglll site at nucl 2949 in FIG. 24). 

Generation ofpIG35.55K 

Construct plG35.55K is similar to pIG35Bneo, however, it lacks the coding 
region of Ad35.ElB-21K. Hereto, both the E1A and E1B-21K sequences are first deleted 
from pIG270 as follows: 

Construct pIG270 is digested with EcoRI, treated with Klenow enzyme and 
purified using a PCR purification kit (Qiagen) according to the manufacturer's 
instructions. The recovered DNA is then digested with Agel and the ~5 kb vector 
fragment was isolated from gel as above. Next, Ad35 E1B-55K sequences sre amplified 
by PCR on pIG270 template DNA using the following primers: 
535D21: 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3» (SEQ. LD. NO. _) and 
635B3: 5'- CCT CAG CCC CAT TTC CAG-3' (SEQ. LD. NO. _). 
The conditions used for the amplification are as previously described. The PCR fragment 
is purified using the PCR purification kit (Qiagen) and digested with Ncol. Following 
Klenow treatment to fill in the protruding ends, the DNA is further digested with Agel 
and again column purified. The thus treated PCR fragment is then cloned into the above 
prepared EcoRJ/Agel digested vector fragment to give pIG270.AE 1AA21K. The last 
steps to obtain pIG35.55K (FIG. 25) are equivalent to the last steps described above for 
the generation of pIG35Bneo starting with pIG270.AElAA2 IK instead of 
pIG270.AElA. 

pIG35.55K is then linearized with Seal and used to transfect PER.C6 cells as 
described above. Clones that are resistent to G418 selection are picked and analysed for 
their ability to complement the propagation of El -deleted Ad35 viruses. 

Example 8 

New packaging cell lines for the generation and propagation of El-deleted Ad35- 
based vectors derived from primary human cells. 

The complete morphological transformation of primary cells by adenovirus El 
genes is the result of the combined activities of the proteins encoded by the E1A and E1B 
regions. The roles of the different El proteins in lytic infection and in transformation 
have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenovirus E1A proteins are essential for transformation of primary cells. 
The El A proteins exert this effect through direct interaction with a number of cellular 
proteins that are involved in regulation of transcription. These include the pRB family of 
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proteins, p300/CBP and TATA binding protein. In addition to this El A increases the 
level of p53 protein in the cells. In the absence of adenovirus E1B activity the rise in p53 
levels leads to the induction of apoptosis. Both proteins encoded by the E1B region 
counteract the induction of apoptosis although by different mechanisms. E1B-21K seems 

5 to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 
proteins downstream in the apoptosis pathway (Han et aL, 1996), whereas E1B-55K 
functions through direct interaction with p53. Importantly, the molecular mechanism by 
which the E1B-55K proteins of Ad2 and 5 (subgroup C) and Adl2 (subgroup A) function 
in the ability to neutralise p53 may differ. Whereas Ad5 E1B-55K binds p53 strongly 

10 and the complex localises to the cytoplasm, Adl2 E1B-55K binds p53 weakly and both 
proteins are localised in the nucleus (Zantema et aL, 1985; Grand et aL, 1999). Both 
proteins, however, inhibit the transactivation of other genes by p53 (Y ew and Berk, 
1992). 

In rodent cells, the activity of El A together with either E1B-21K or 55K is 

1 5 sufficient for full transformation although expression of both E1B proteins together is 
twice as efficient (Rao et aL, 1992; ). In human cells however, the activity of the E1B- 
55K protein seems to be more important given the observation that E1B-55K is 
indispensible for the establishment of transformed cells (Gallimore, 1986). 
Example 6 hereof describes the generation of pIG270. In this construct the Ad35-El 

20 genes are expressed from the hPGK promoter and transcription is terminated by the 
HBVpA. The hPGK promoter constitutes a HincII-EcoRI fragment of the promoter 
sequence described by Singer-Sam et aL (1984). The HBVpA is located in a BamHI- 
Bglll fragment of the Hepatitis B virus genome (Simonsen and Levinson, 1983; see also 
Genbank HBV-AF090841). As mentioned before, the promoter and polyadenylation 

25 sequences of the El expression constructs described in this invention may be derived 
from other sources whithout departing from the invention. Also, other functional 
fragments of the hPGK and HBVpA sequences mentioned above may be used. 

The functionality of pIG270 was shown by transformation of primary Baby Rat 
Kidney cells (BRK). Comparison with an equivalent Ad5-El expression construct 

30 learned that Ad35-El genes were less efficient in transforming these cells. The same has 
been found for the El genes of Adl2 (Bernards et aL, 1982). 

It is unclear which El protein(s) determine(s) the difference in transformation 
efficiency of El sequences observed for adenoviruses from different subgroups. In the 
case of Adl2, transfection studies with chimeric E1A/E1B genes suggested that the 

35 efficiency of transformation of BRK cells was determined by the El A proteins (Bernards 
et aL, 1982). The E1B-55K protein is shown infra to contain serotype-specific functions 
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necessary for complementation of El-deleted adenoviruses. If these functions are related 
to the regulation of mRNA distribution or another late viral function, it is unlikely that 
these are involved in the transformation efficiency. 

Analysis of functional domains in the Ad2 or Ad5 E1B-55K proteins using 
insertion mutants have revealed that functions related to viral replication, late protein 
synthesis and host protein shut-off are not confined to specific domains but are 
distributed along the protein (Yew et al, 1990). Using the same set of mutants, the 
domains important for interaction with p53 and E4-Orf6 were found to be more 
restricted. In addition to one common binding region (amino acids 262 to 326), p53 
binding was affected by mutations at aa 1 80 and E4-Orf6 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf et al, 1997). 

Altogether these results indicate that it is difficult to separate the E1B-55K 
functions related to transformation (p53 binding) and late protein synthesis (Orf6 
binding). 

The invention discloses new El constructs that combine the high efficiency of 
transformation of one serotype with the serotype-specific complementation function of 
another serotype. These new constructs are used to transform primary human embryonic 
retinoblast cells and human amniocytes. 

The generation of pIG535, pIG635 and pIG735 

Construct pIG535 contains the Ad5 E1A region and E1B promoter sequences 
linked to the Ad35 E1B sequences. Hereto, pIG270 (FIG. 15; see example 6) was 
digested with EcoRI and Ncol. The 5.3 kb vector fragment was then isolated from gel 
using the geneclean kit (BIO Inc. 101) according to the instructions of the manufacturer. 
Next, construct pIG.ElA.ElB (FIG. 13; see example 6) was digested with EcoRI and 
Xbal and the resulting 890 bp fragment was isolated as above. A third fragment was 
generated by PCR amplification on pIG.ElA.ElB using the following primers: 
15E1 A-F: 5 *- GAG ACG CCC GAC ATC ACC TG -3 ' (SEQ. ID. NO. _J and 
25E1B-R: 5'- CAA GCC TCC ATG GGG TCA GAT GTA AC -3' (SEQ. I.D. NO. __). 
3The following PCR program was used: 94°C for 2' followed by 30 cycles of 94°C for 
30", 60 °C for 30" and 72 °C for 1', and a final step at 72°C for 10' to ensure blunt ends. 

The resulting 400 bp PCR fragment was digested with Xbal and Ncol. After gel 
isolation as above, the three fragments were Iigated and transformed into STBL-2 
bacteria. One colony containing all three fragments in the correct order was selected and 
designated pIG535 (FIG. 26). 
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Construct pIG635 contains the Ad5 E1A and a chimeric Ad5-Ad35 E1B region 
such that the 2 IK sequence is essentially from Ad5 and linked to the Ad35 E1B-55K 
sequences as far as not overlapping with the 21K sequences. First, part of the Ad5 El 
sequences are amplified by PCR using pIG.ElA.ElB as template and the following 
5 primers: 

45AK: 5'- GAG CGA AGA AAC CCA TCT GAG -3' (SEQ. LD. NO. _) and 
52155R: 5'- GGT CCA GGC CGG CTC TCG G -3' (SEQ. LD. NO. _). Amplification 
is accomplished with Pwo DNA polymerase (Roche) according to manufacturer's 
instructions. The 210 bp fragments is then purified from the primer sequences using the 
10 PCR purification kit (Qiagen). 

A second PCR fragment is amplified from pIG270 DNA as described above but 
with the following primers: 

62155F: 5'- CCG AGA GCC GGC CTG GAC -3' (SEQ. LD. NO. _) and 

735F10: 5'- GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG -3' 

15 (SEQ.LD.NO._). 

The 1 .3 kb amplified fragment is purified as above and mixed in a 1 : 1 molar ratio 
with the first PCR fragment The mixture is then first subjected to a PCR reaction 
without the addition of primers using Pwo DNA polymerase and the following program: 
94 °C for T and then 5 cycles of 94°C for 30", 60 °C for 30", 72 °C for 90". 

20 Subsequently, primers 5AK and 35F10 are added at 0.6 fiM concentration after which a 
last PCR amplifies a 1.5 kb fragment Hereto, temperature was set as follows: 94 °C for 
2', then 30 cycles of 94 °C for 30", 60°C for 30" and 72 °C for 90", followed by a final 
step at 72°C for 10' to ensure blunt ends. The resulting product is purified using the PCR 
purification kit (Qiagen) as above and digested with Kpnl and Sbfl (isoschizomer of 

25 Sse8387I). The digested DNA is then isolated from gel using the geneclean kit (BIO 
Inc., 101). Construct pIG.ElA.ElB is digested with Kpnl and Sbfl and the vector- 
containing fragment is isolated from gel as above. This fragment is ligated to the above 
prepared final PCR product and the ligation mixture is transformed into STBL-2 cells 
(Gibco, LTI) according to manufacturer's instructions. Hiis gives construct pIG635 (Fig. 

30 27). 

In construct pIG735, the border between Ad5 derived sequences and Ad35 
derived sequences is located more 3 ' than in construct pIG635. First, a BspEI site is 
introduced in the Ad5 sequence of construct pIG.ElA.ElB without changing the amino 
acid sequence. Hereto, Ad5 sequences from pIG.ElA.ElB are amplified using the 
35 following PCR primers: 
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5AK: see above, and Bsp-R: 5'- GCT CTA GAC CTG CAG GGT AGC AAC 
AAT TCC GGA TAT TTA CAA G -3' (SEQ. I.D. NO. _J. Amplification is 
accomplished using Pwo DNA polymerase (Roche) according to the manufacturer's 
instruction. The following PCR program is used: 94°C for 2' followed by 30 cycles of 
94°C for 30", 60 °C for 30" and 72 °C for 30", and a final step at 72°C for 10' to ensure 
blunt ends. The resulting 0.6 kb fragment is purified as above and digested with Kpnl 
and Sbfl and ligated to the above described KpnI/Sbfl digested pIG.ElA.ElB vector 
fragment. Selection of colonies after transformation of STBL-2 bacteria (Life Techn. 
IncOgivesconstructpIGElASSK. P IG.E1A55K is then digested with Sbfl and 
partially with BspEI. The 6.4 kb Sbfl-partial BspEI digested vector fragment is then 
isolated from gel using the geneclean kit (BIO 101, Inc.). Next, pIG270 is digested with 
BspEI and Sbfl and the resulting 915 bp fragment is isolated from gel as above. This 
fragment is then ligated to the above prepared Sbfl/partial BspEI digested pIGEl A55K 
vector fragment and transformed into STBL-2 competent cells. This gives construct 
PIG735 (FIG. 28). Clones are analysed by restriction enzyme digestion and sequencing to 
ensure correct ligation of the fragments. Constructs pIG535, pIG635 and pIG735 can be 
used to generate complementing cell lines from primary human cells as described in 
Example 6. 

Example 9 

PERC6-based complementing cell lines for El-deleted Ad35 viruses. 
PERC6 cells were seeded in 10 cm culture dishes at a density of 3xl0 6 cells/dish in 
DMEM (Gibco BRL) complemented with FBS (Gibco BRL) up to 10% and lOmM 
MgCI 2 (4.9 M stock solution, Sigma). Two days later, 9 dishes were transfected with 1 ug 
Seal linearised pIG35.55K DNA (see example 7) and 9 dishes were transfected with 1.5 
ug Seal linearised pIG35.55K DNA. Separate control dishes were transfected with 1 or 
1.5 }ig Seal linearised pAdApt35.LacZ to monitor transfection efficiency and with 1 or 
1.5 ug Seal linearised P cDNA.nlsLacZ. pcDNAnlsLacZ is a pcDNA3-basedplasmid 
(Invitrogen) with the nlsLacZ gene (Bonnerot et al., 1987) driven by the CMV promoter. 
pcDNAnlsLacZ also contains a neo r expression cassette. As a negative control one extra 
dish was transfected with linearised P AdApt35.LacZ, a construct that lacks the neo r 
selection gene. All transfections were performed with the LipofectAmine transfection kit 
(Invitrogen/Life Technologies) according to manufacturers instructions using 5 ml 
LipofectAmine reagent/ug DNA. Cells were incubated for 4 hrs with the transfection 
mixture after which the medium was replaced with PER.C6 culture medium. The next 
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day medium was replaced with culture medium containing 0.5 mg/ml G41 8 (Gibco BRL) 
except in the two dishes that were transfected with 1 or 1.5 \xg pAdApt35.LacZ. These 
latter dishes were used to monitor LacZ expression two days following transfection. After 
X-gal staining of these cultures transfection efficiency was estimated at approximately 
5 40% with slightly more blue cells in the dish transfected with 1 .5 jxg DNA. Selection 
medium was refreshed twice weekly in the remaining transfected dishes. Within two 
weeks following first addition of selection medium most cells in the negative control 
dish (transfected with 1.5 fig pAdApt35.LacZ) were dead. In the dishes transfected with 
pcDNA.nlsLacZ cell clones were becoming visible. Since the cells transfected with 
10 pIG35.55K seemed to be more resistent to G418, the concentration was raised to 0.75 
mg/ml 3 weeks following transfection. Three days and seven days later a total of 196 cell 
clones were picked from the dishes transfected with pIG35.55K and seeded in separate 
wells of 96-well plates. 

1 5 Cells remaining after colony picking of two 10 cm dishes of the transfection with 1 jig 
pIG35.55K DNA were trypsinised, pooled and expanded to give pool PER55K(1 .0) The 
same was done for two dishes of the 1.5 jxg transfection. The PER55K(1 .0) cell pool was 
expanded and seeded in 4 T25 flasks at a density of 3.5x1 0 6 cells/flask for transfection to 
test virus generation. In addition, 3 T25 flasks with parental PER.C6 cells were seeded at 

20 the same density. pAdApt35.eGFP (an adapter plasmid containing the green fluorescent 
protein as marker gene; see example 4) was digested with Pad to liberate the adenoviral 
sequences from the plasmid backbone. pWE.Ad35.pDC-rITR (see example 4) was 
digested with NotI to liberate the adenoviral sequences from the cosmid backbone. 2 
flasks with PER.C6 cells and 2 flasks with PER55KQ.0) cells were transfected with 2 \ig 

25 digested pAdApt35.eGFP and 6 fig digested pWE.Ad35.pIX-rITR each. One flask of 
each cell line was transfected with 8 jxg pAdApt35.LacZ to monitor transfection 
efficiency. The remaining flask with PER55K(1.0) cells served as a negative control and 
was treated as the others but did not receive the transfection mixture. All transfections 
were performed with LipofectAmine (Invitrogen/Life Techn.) according to manufacturers 

30 instructions using for each transfection a total of 8 (ig DNA and 40 jil LipofectAmine 
reagent. The transfection mixture was removed after 4 hrs incubation and fresh culture 
medium was added. Transfections were done the day after seeding of the cells and again 
two days later cells in the T25 flasks were transferred to a T80 flask except for the LacZ 
control transfections. These were stained with X-gal solution after mild fixation. After 

35 five hours incubation with staining solution, the percentage of blue cells was estimated at 
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approximately 90% in both flasks showing that transfection went well for both cell lines. 
Four days following the passage to the T80 flasks the transfected PER55K(1.0) cultures 
showed starting CPE (cytopathogenic effect, indicative of virus replication) with 
approximately 100 events/flask. The untransfected PER55K(1.0) cells were grown 
confluent with no evidence of CPE. In the transfected PER.C6 cultures only three CPE 
events were visible in the confluent monolayer of cells. Again three days later, the 
transfected PER55K(1.0) cultures showed foil CPE, with all cells rounded and detached 
in clumbs. In contrast, in the PER.C6 cultures the few events of CPE had not progressed 
and cells were still in monolayer. This confirms earlier observations that generation of 
El-deleted Ad35-based viruses on PER.C6 is very inefficient. Also the untransfected 
PER55K(1.0) cultures showed, as expected, a confluent monolayer with no CPE. The 
cells and medium in the PER55KQ.0) flasks with foil CPE were harvested and subjected 
to two freeze/thaw cycles after which the cell debris was removed by centrifogation at 
3000 rpm for 10 minutes in a table centrifuge. One of the resulting crude lysates was used 
to infect a fresh culture of PER55K(1.0) cells in a T175 flask (1.5 ml/flask). Cells and 
medium were harvested at foil CPE four days later. This shows that infectious virus had 
formed in the initial transfections. GFP expression was confirmed by fluorescent 
microscopy of A549 cells infected with the crude lysate. The crude lysate was then used 
to analyse complementation of this El-deleted Ad35.AdApt.eGFP virus in foe individual 
clones as described below. 



The above described clones that were picked from the pIG35.55K transfected PER.C6 
cells were expanded and were functionally tested for the ability to sustain replication of 
Ad35.AdApt.eGFP. Hereto, the clones were seeded at two densities in 6-well plates and 
one day later infected with 15 ml of the above described crude lysate. CPE was 
monitored the day after. Of the 146 clones tested in this way 1 9 gave foil CPE at day 2 or 
3 and 68 gave foil CPE at day 5 or 6. The remaining clones had only partial CPE or 
showed a few non-progressing events. The latter were indistinguishable from PER.C6 
cells that were taken along as a negative control. 

Based on these results a selection of 24 clones was made that were further screened for 
the ability to generate recombinant El-deleted viruses following transfection of the 
P AdApt35.GFP adapter plasmid and foe large pWE.Ad35.pIX-rrrR cosmid clone. 
Hereto, clones were plated in T25 flasks and transfected with 2 ug of the adapter and 6 
lig of the backbone plasmid using LipofectAmine as described above. Two days 
following the transfection, cells were transferred to T80 flasks to prevent overconfluency 
of the cultures. Of the 24 clones 5 gave foil CPE three days after passage to T80 and 
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another 13 clones gave progressing to full CPE the day after. The remaining 6 clones 
showed no CPE or only starting. In comparison: routine generation of El -deleted Ad5 
vectors on PER.C6 cells generally results in full CPE four to six days after transfer to T80 
flasks. 

5 This shows that the new clones efficiently complement El -deleted adenovirus vectors. 
One of the clones (clone #16) described above was used to generate and produce multiple 
batches of El and E1/E3 deleted Ad35 viruses containing different transgenes. Hereto, 
virus in crude lysates resulting from transfections as described above, but using different 
adapter plasmids, were plaque purified on the new cell line. Single plaques were tested 

10 for transgene activity and then amplified for medium scale production in 4-8 triple layer 
flasks (3x175 cm/flask). Cells were harvested at full CPE and the virus was released and 
purified as routinely done for adenoviruses and described in example 1 . The extraction 
step with frepn to remove cellular debris was, however, replaced by a centrifugation step. 
Thus after incubation with Dnasel, the cell debris was centrifugated in conical 50 ml 

15 tubes (Greiner) at 8000 rpm in a table top centrifuge (Beckman Coulter Allegra 21R with 
fixed angle rotor) for 30 minutes at 4°C. This step is repeated in a fresh 50 ml tube untill 
the supernatant was clear (usually one time). The amount of virus particles was 
determined by HPLC (Shabram et al, 1997). Table IV presents the yields after 
downstream processing of medium scale productions of El- and El/E3-deleted Ad35 

20 viruses on triple layer flasks with PER55K clone #16 cells. The amount of purified virus 
particles is comparable with the yields of Ad5-based vectors on PER.C6 cells. 

We conclude that we have generated multiple cell lines that efficiently complement fully 
El-deleted Ad35-based vectors. Thus, Ad35 E1B-55K expression in an Ad5 
25 complementing cell line facilitates replication of Ad35 vectors. 

Example 10 

New complementing cell lines from primary cells 

30 Example 8 described the generation of construct pIG535, a hybrid AdSEl A-Ad35 E1B 
expression plasmid. pCC536s and pIG536 are also hybrid Ad5-Ad35 El constructs but 
with the El A region, E1B promoter and most of the E1B-19K gene derived from Ad5 
and most of the E1B-55K gene derived from Ad35. Constructs pCC536s and pIG536 
differ only in the heterologous poly adenylation sequence that terminates the E1B 

35 transcript: pIG536 has the HBV pA sequence and pCC536s has a synthetic pA sequence 
(SpA). The SpA sequence consists of the upstream sequence element (USE) of the human 
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C2 complement gene (Moreira et al., 1995) and the synthetic pA sequence (SPA) 
described by Levitt et al., 1989. 

The synthetic polyA sequence is build up using the following oligo's: 

C2SPA- 1:5'- CCC TGC AGG GAC TTG ACT CAT GCT TGT TTC ACT TTC ACA 

TGG AAT TTCCCAGTT ATG AAA TTA ATA AAG -3' 

C2SPA-2: 5'- GTC TAG ACA CAC AAA AAA CCA ACA CAC TAT TGC AAT GAA 
AAT AAA TTT CCT TTA TTA ATT TCA TAA CTG -3' 

Oligonucleotides were mixed at lOuM concentration in lx annealing buffer (1 OmM Tris 
HC1 pH 7.5, lOOmM NaCl, ImM BDTA) and, using a PCR machine, the solution was 
heated to 94°C for 5 minutes and then cooled down to 65°C at 0.5°C / second and after 
incubation at 65 °C for 5 minutes further cooled down to 20°C at 0.05 °C / second. 
Subsequently, 10 ul 2mM dNTPs, 0.5 |xl 1M MgC12 and 3 ul Klenow fragment (New 
England Biolabs) was added to 87 ul of the annealed sample and the mixture was 
incubated at room temperature for 30 minutes. 1 ul of the annealed and Klenow treated 
sample was then amplified using the following primers: 
C2for: 5'- CGG GAT CCC CTG CAG GGA CTT GAC -3' 
and 

SPArev: 5'- TTG CGA CTT AAG TCT AGA CAC ACA AAA AAC C -3 ' using Pwo 
DNA polymerase (Roche) according to manufacturers instructions but with addition of 
DMSO (Sigma) to a final concentration of 3%. The PCR program was set at 94°C for 2 
minutes, followed by 30 cycles of (94 °C for 30", 55°C for 30" and 72°C for 20"). 
Where in this document PCR programs are described ' means time in minutes and " 
means time in seconds. The amplified DNA was then purified using the QIAquick PCR 
purification kit (Qiagen) and digested with Xbal and SbfL The digested product was then 
again purified with the PCR purification kit to remove the small digested ends. Construct 
pIG270 was also digested with Xbal and Sbfl (isoschizomer of Sse8387I) and the 
resulting 5.9 kb vector containing fragment was isolated from gel using the GeneClean II 
kit (BiolOl, Inc). The treated vector and PCR insert were then ligated to give pCC271 
(Figure 29). pCC271 thus contains the PGK promoter, the Ad35 El region (nucl. 468 to 
and including 3400 from Ad35 sequence in example 3 and figure 5) and the synthetic pA 
(SpA). The synthetic pA sequence was then also cloned into the construct pIG535 as 
follows. 

pIG535 was digested with EcoRI, PstI and Seal (All enzymes from New England Biolabs 
digested in NEB buffer 3) and the 3 kb insert corresponding to chimeric Ad5-Ad35 El 
region was purified using the GeneClean H kit (Bio 101, Inc.). Construct pCC271 was 
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digested with EcoRI and PstI and the 3 kb vector fragment containing the SpA and PGK 
promoter was isolated as above. Both isolated fragments were ligated and transformed 
into STBL-2 competent cells (Invitrogen/LifeTechnologies) to give pCC535s (Figure 30). 
pCC535s contains the same Ad5-Ad35 El sequences as pIG535 however, a different pA 
5 sequence. 

For the construction of pCC536s, a subclone was made with the new hybrid E1B 
sequences. Hereto, Ad5 El A/E1B21K sequences were amplified using the primers 
5AK: 5'- GAG CGA AGA AAC CCA TCT GAG- 3' and 

2155R: 5'- GGT CCA GGC CGG CTC TCG G-3' with pIG.ElA.ElB (see example 6 
1 0 and Figure 1 3) as template DNA using P wo DNA polymerase (Roche) according to 
manufacturers instructions and in addition a final concentration of 3% DMSO. The 
program was set at: 94°C for V followed by 30 cycles of (94°C for 30", 58°C for 30" 
and 72°C for 30") and ended with 68°C for 8\ This resulted in a 210 bp fragment 
corresponding to nucl. 2022-2233 of the Ad5 sequence. A second PCR was performed on 
1 5 pCC27 1 with primers 

2155F: 5'- CCG AGA GCC GGC CTG GAC C-3' and 

35F10: 5'- GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG-3\ 
The same PCR program was used but now with an elongation time of 90" . The resulting 
1 .3 kb fragment corresponds to nucl. 21 12 to 3400 of the Ad35 sequence with an Sbfl site 
20 at the 3'end. Note that primers 2155F and 2155R are fully complementary allowing 
assembly of the two fragments as follows: 

Both PCR fragments were purified from gel using the Qiagen gel extraction kit Aliquots 
of the purified samples were then mixed in equimolar ratio and used as template for an 
assembly PCR amplification with primers 5AK and 35F10 with Pwo DNA polymerase as 

25 above using the program settings: 

94°C for 2\ and 5 cycles of (94°C for 30", 60°C for 30" and 72°C for 2') followed by 
25 cycles of (94°C for 30", 58°C for 30" and 72 °C for 90"). The resulting 1.5 kb 
fragment was purified from gel using the QIAquick gel extraction kit (Qiagen), ligated to 
the pCR-Script/Amp cloning vector (Stratagene) and transformed into DH5a competent 

30 cells (Invitrogen/Life Technologies) resulting in pCR535E!B (Figure 31). This construct 
was checked by restriction analysis and sequencing to confirm correct amplification of 
target sequences. 

pCR535ElB was then digested with NotI and protruding ends were made blunt with 
Klenow fragment The DNA was then purified using the QIAquick PCR purification kit 
35 (Qiagen) and eluted DNA was digested with PstI. The 1 .5 kb fragment containing the 
chimeric El sequences from the pCR535ElB vector was purified from gel using the 
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GeneClean n kit (BiolOl, Inc.). This fragment was ligated to vector pCC535s digested 
with PvuII and PstI, and transfonned into STBL-2 competent cells (mvitrogen/Life 
Technologies) to give P CC2155s (Figure 32). To complete the P CC536 S construct Ad5- 
El sequences were then cloned into the pCC2155s subclone. Hereto, pIG.ElA.ElB was 
5 digested with EcoRI and Kpnl and the 1 .6 kb fragment corresponding to Ad5 El A and 
Ad5 E1B 21K (nucl. 459 to 2048 of the Ad5 sequence) was isolated from gel using the 
GeneClean kit. P CC2155s was digested with EcoRI and Kpnl and the vector containing 
fragment was also gel purified. Ligation of both isolated fragments and transformation 
into DH10B electrocompetent cells (mvitrogen/Life Technologies) resulted in pCC536s 
10 (Figure 33). The hybrid E1B sequences are shown in Figure 38 in more detail. FIG38A 
shows an alignment of protein sequences of E1B-21K in the pCC536s construct with wild 
type (wt) Ad35 and Ad5 sequences. As can be seen most of the E1B-21K protein in 
P CC536s is derived from Ad5 except for the C-terminal 6 amino acids that are identical 
toAd35ElB-21K Figure 38B shows the same alignment for the E1B-55K proteins In 
15 this case the N-terminal amino acids of P CC536s are identical to Ad5 upto aa 65 The 
remainder is identical to Ad35 E1B-55K. Obviously, different hybrid E1B-55K 
constructs can be designed using the general method oulined above whithout departing 
from the invention. 

Construct pIG536 was made by replacing a fragment with the SpA in P CC536s with the 
20 corresponding fragment frompIG270 (example 6, Figure 15) containing the HBVpA 
Hereto, pIG270 was digested with BamHI and Bgll and the 1.8 kb insert was isolated 
from gel using the GeneClean H kit (Bio 1 01, Inc.). P CC536s was digested with the same 
enzymes and the 4.8 kb vector containing fragment was purified from gel as above 
Ligation of both isolated fragments and transformation into STBL-2 competent cells 
25 (fovitrogen/Life Technologies) gave construct pIG536 (Figure 34). 

The generated El constructs were tested in primary baby rat kidney (BRK) cells as 
described in example 6. The results (Table V) confirm earlier observations that Ad5-El 
genes more efficiently transform primary BRK ceUs than Ad35 El genes. The chimeric 
30 Ad5-Ad35El » P re S sionconstmcts,pCC535 S andpCC536s, P roducedmoretransfonned 
colonies than the full Ad35 El constructs, pIG270 andpCC271. Furthermore, the use of a 
synflietic poly adenylate sequence in P CC535s resulted in slightly more foci compared 
to the HBVpA variant pIG535. 

35 Human embryonic retinoblast (HER) cells were isolated from the eyes of aborted fetuses 
of 18 and 21 weeks of age. The eyes were brought in a 6 cm dish with PBS and cleared 
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from outside tissue. An incision was made to reach the inner side and the gray cell layer 
at the inner back of the eyes containing the retinoblasts, was scraped off. This layer was 
transferred to a 14 ml tube in 2ml of PBS and tissue was allowed to sediment after which 
the PBS was removed. 2 ml trypsin (0.25%, no EDTA, GibcoBRL) was added and 
5 incubated for 5 minutes at 37°C with occasional swirling. Tissue pieces were allowed to 
sediment and 1 ml trypsin with cells was transferred to a new tube. To this tube 4 ml 
culture medium (DMEM with 10% FCS) was added and the tube was stored on ice. The 
remaining tissue pieces in trypsin were brought in a 6 cm dish and cut into smaller pieces. 
These were, after addition of 2 ml fresh trypsin, again incubated in a 14 ml tube at 37°C 

10 with occasionally swirling. Then this mixture was added to the first isolated cells in 
culture medium and the total was centrifugated at 1000 rpm in a table top centrifuge. 
Supernatant was removed and cells were resuspended in 10 ml of culture medium. The 
isolated HER cells were plated in two 6 cm dishes and incubated at 37°C/ 10% C02. 
Upon 90% confluency cultures were split 1:3 and further incubated. This procedure was 

1 5 repeated until enough dishes were obtained to be used for transfection and further 

culturing. Transfections were performed at different passage numbers using the CaP04 
cotrknsfection kit (Invitrogen/Life Technologies) according to manufacturers instructions. 
For each dish (50-70% confluency) 20 |xg DNA was used. Initial transfections were 
performed with pIG.ElA.ElB, an Ad5-El expression construct, and with pIG535, the 

20 hybrid Ad5-El A/Ad35-E1B expression construct. 2-3 weeks following transfection 

transformed foci became visible in the pIG.ElA.ElB transfected dishes. On average 15- 
20 foci/dish were found in the dishes that were transfected with pIG.ElA.ElB. Over 30 
clones were picked and transferred to 96-well plates. Upon confluency cells were 
passaged to larger culture plates or flasks and finally viable frozen in ampoules in liqN2 

25 from a T175 flask. All picked clones were established in this way. Transformed foci 

appeared much later in the dishes that were transfected with pIG535, the first around five 
weeks following transfection. On average 3-4 clones were found per dish. A total of 46 
clones were picked from 7 weeks to 3 months after transfections of which 14 were viable 
and could be passaged multiple times. Of these, 2 clones (clone #45 and #75) were grown 

30 up to a T175 flask and viable frozen in ampoules in liqN2. 

Primary HER cells were also transfected with constructs pCC535s and pCC536s. 
Transfection of pCC535s let to an average of 2 clones/dish and a total of 50 clones were 
picked. Of these picked clones 2 could be established. From the transfection with 
pCC536s, at least one clone could be established. 

35 The above described experiments show that primary HER cells can be transformed with 
hybrid Ad5-Ad35 El sequences. The efficiency of transformation was lower than 
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obtained with the complete Ad5 El region. We then tested whether the new cell lines 
could complement recombinant Ad35-based El-deleted vectors. Hereto, the clone #45 
that was obtained from the pIG53 5 liansfection was seeded in T25 flasks at a density of 
7x10* cells/flask and infected with Ad35.AdApt.eGFP virus (see example 9) at a 
multiplicity of infection (moi) of 5 and 25 virus particles/cell. Full CPE was seen at days 
4 and 5 for the moi 25 and 5 respectively. As a comparison parallel cultures of clone #45 
cells that were infected with Ad5.AdApt.eGFP viruses gave full CPE at days 7 and 8 for 
moi 25 and 5 respectively. The initial infection efficiency was comparable for AdS and 
Ad35 viruses, -80% (moi=5) and -95% (moi=25) of the cells were infected with GFP 
virus one day following infection as measured by fluorescence microscopy. Cells from 
clone #75 were seeded in a 6-well plate at a density of 2xl0 6 cells/well and infected with 
Ad35.AdApt.eGFP or Ad5.AdApt.eGFP at moi 5 (VP/cell). Again initial infection 
efficiency was comparable for both viruses. Full CPE was observed at day 4 in case of 
Ad35.AdApt.eGFP infection whereas Ad5.AdApt.eGFP infected clone #75 cells gave full 
CPE on day 7. The difference in replication efficiency on Ad35 complementing cells 
between Ad35 and Ad5 recombinant vectors is even more clear when virus is generated 
by plasmid transfection. This is exemplified by the following transfection experiment 
Clone #45 cells were seeded in T25 flasks at a density of 3.5xl0« cells and transfected 
three days later using LipofectAmine reagent (mvitrogen/Life Technologies) according to 
manufacturers instructions and described above. 2 ug pAdApt35.eGFP adapter plasmid 
digested with Pad was cotransfected with 6 ug p WE.Ad35.pIX-rrTR or P WEAd35 pK- 
rITRAE3 backbone cosmid digested with Notl. 2 fig pAdApt.eGFP (AdS adapter plasmid 
described in WO 00/70071) digested with Pad was cotransfected with 6 ug 
pWEAd5.AfHI-rITRsp (Ad5 backbone plasmid, described in WO 00/70071) also 
digested with Pad. One T25 was not transfected and served as a negative control. One 
day later transfection efficiencies were monitored by fluorescent microscopy and 
estimated at 10-15% in all eGFP transfections. Three days following transfection cells 
were transferred to T80 flasks and further incubated at 37°C/10%CO 2 . Again three days 
later CPE events were becoming visible in the cultures transfected with the 
pAdApt35.eGFP and the P WE.Ad35pIX-rITR + or - E3. The transfections with the E3- 
deleted backbone contained more green fluorescent cells and more CPE events The 
transfection with AdS plasmids showed only around 20% green fluorescent cells of 
which most were dying, and no CPE events. Two days later this difference had become 
bigger since cultures transfected with the pAdApt35.eGFP and the pWE.Ad35pIX- 
rITRAE3 clearly showed 80% CPE and cultures transfected with the pAdApt35 eGFP 
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and the pWE.Ad35pIX-rITR constructs showed progressing CPE events. The Ad5 
transfected culture did not show any progression. Table VI summarizes these results. 
We conclude that the new complementing cell lines described above efficiently sustain 
replication of El deleted Ad35-based viruses and that the generation and replication of 
5 El deleted Ad5-based viruses is less efficient Apparently, also Ad35-E1B55K proteins 
do not form a functional complex with Ad5-E40rf6 proteins. Thus the serotype 
specificity for complementation is now also shown for recombinant Ad5 vectors on Ad35 
packaging cells. 

10 

Example 11 

Generation of pWE.Ad.pIX-rITRAE3 

The early region-3 of human adenoviruses contains multiple coding regions for proteins 
that interfere with the host immune response to adenoviral infection. When adenoviral 
15 vectors are used as vaccine carrier such interference is unwanted. Therefore, we 
constructed an Ad35 backbone cosmid lacking the E3 region. 

Hereto, construct pBr.Ad35.PRn (Figure 35; described in example 13 in publication EP 1 
054 064 Al) was digested with StuI and Mlul and the 17.3 kb vector fragment was 
purified from low melting point (LMP) gel using agarase enzyme (Roche) according to 
20 manufacturers instructions. Next, a PCR fragment was generated on pBr.Ad35.PRn using 
primers: 

35E3for: 5'- AAT GAC TAA TGC AGG TGC GC-3 5 and 

35E3rev: 5'- CGA CGC GTT GTA GTC GTT GAG CTT CTA G-3*. For the 

amplification Pwo DNA polymerase (Roche) was used according to manufacturers 

25 instructions and program set at: 94°C for 2\ 30 cycles of (94°C for 30", 58°C for 

30"'and 72°C for 1') and a final incubation at 68°C for 8'. The 833 bp PCR product was 
purified using the QIAquick PCR purification kit (Qiagen) and digested with Mlul and 
StuI. The digested DNA was purified from gel using the QIAquick gel extraction kit 
(Qiagen). Both isolated fragments were ligated and transformed into DH5a competent 

30 cells (Invitrogen/Life Technologies) to give pBr. Ad35.PRnAE3 (Figure 36). Hie plasmid 
was checked by restriction analysis and sequencing of the PCR amplified insert. The E3 
deletion was then cloned into the pWE.Ad35.pIX-rITR cosmid backbone. Hereto, 
pWE.Ad35.pIX-rITR (see example 4 and Figure 8) was digested with Pad and the DNA 
was purified by precipitation with isopropanol and washing with 70% EtOH. Following 

35 resuspension in milliQ water, the DNA was digested with Swal and the 22.8 kb vector 
containing fragment was purified from LMP gel using agarase enzyme as above. 
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Construct pBr.Ad35.PRnAE3 was digested with Pad and Swal in the same manner and 
the 16.6 kb fragment was also isolated using agarase enzyme. Both isolated fragments 
were ligated using 0.5-0.6 ug of each fragment. Ligated fragments were then packaged 
using X-phage packaging extracts (Stratagene) according to manufacturers instructions 
and mixed with STBL-2 cells. Bacteria were plated on LB+Amp plates and resulting 
colonies were analyzed for the presence of the correct construct. This gave construct 
P WE.Ad35.pIX-rITRAE3 (Figure 37). The E3 deletion extends from nucl. 27648 to 
30320 of the Ad35 sequence (example 3) and thus spans a 2.6 kb region. 
Cotransfection of NotI digested pWE.Ad35.pIX-rITRAE3 andpIPsp-1 digested 
pAdApt35.eGFP onto PER55-clone #16 cells (see example 9) as described above gave 
rise to GFP expressing Ad35-based viruses. Upon isolation of viral DNA from these 
viruses, PCR amplification of the E3 region showed that the viruses were deleted for 2.6 
kb of E3 sequences as expected. 
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Table I: 



Serotype 


Elution [NaCl] mM 


VP/ml 


CCID50 


loffm vp/rriD5o 

ratio 


1 


597 


8.66xl0 ,u 


5.00xl0 7 


3.2 


2 


574 


1.04xlO u 


3.66x10" 


0.4 


3 


131 


1.19x10" 


1.28x10' 


4 0 


4 


260 


4.84x10" 


2.50x10* 


3 1 ! 


5 


533 


5.40x10" 


1.12xl0 ig 


1 7 


6 


477 


1.05xl0 ,z 


2.14xl0 ,u 


1 7 


7 


328 


1.68xl0 ,z 


2.73x10 s 


2 4 


9 


379 


4.99x1 0 n 


3.75xl0 7 


4 1 


10 


387 


8.32xl0 12 


1.12xlO y 




12 


305 


3.64xl0 u 


1.46x10' 


4 4 


13 


231 


4.37xl0 12 


7.31x10* 


j,o 


15 


443 


5.33xl0 12 


1.25x10* 




16 


312 


1.75xl0 12 


5.59x10* 




17 


478 


1.39xl0 12 


1.45x10* 




19 


430 


8.44x10" 


8.55x10' 


4 o 


20 


156 


1.41x10" 


1.68x10' 


3 Q 


21 


437 


3.21x10" 


1.12x10* 


J. J 


22 


365 


1.43xl0 12 


1 5.59xlO v 




23 


132 


2.33x10" 


1.57x1 0 7 


42 


24 


405 


5.12xl0' 2 


4.27x10* 


4 1 

*t. i 


25 


405 


7.24x10" 


5.59xl0 7 


4 1 


26 


356 


L13xl0' 2 


1.12x10* 


4 0 


27 


342 


2.00xl0' 2 


1.28x10* 


4 2 


28 


347 


2.77xl0 12 


5.00x1 0 7 


4 7 

*T. / 


29 


386 


2.78x10" 


2.00x10' 


4.1 


30 


409 


1.33xl0 12 


5.59x10* 


3.4 


31 


303 


8.48xl0 10 


2.19xl0 7 


3.6 


33 


302 


1.02xl0 12 


1.12xi0 7 


5.0 


34 i 


425 


1.08xl0 12 


1.63x10" 


0.8 ! 


35 


446 


3.26xl0 12 


1.25x10" 


1.4 


36 


325 


9.26xl0 12 


3.62x10* 


3.4 


37 


257 


5.86xl0 12 


2.8x10* 


3.3 


38 


337 


3.61xl0 12 


5.59xl0 7 


4.8 


39 


241 


3.34x10" 


1.17x10' 


4.5 



Continued on next page. 
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Legend to Table I: 
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All human adenoviruses used in the neutralization experiments were produced on 
PER.C6 cells (Fallaux et al. 9 1998) and purified on CsCl as described in example 1. The 
NaCl concentration at which the different serotypes eluted from the HPLC column is 
shown. Virus particles/ml (VP/ml) were calculated from an Ad5 standard. The titer in 
5 the experiment (CCED50) was determined on PER.C6 cells as described in Example 1 by 
titrations performed in parallel with the neutralization experiment The CCID50 is shown 
for the 44 viruses used in this study and reflects the dilution of the virus needed to obtain 
CPE in 50% of the wells after 5 days. The ratio of VP/CCID50 is depicted in logio and is 
a measurement of the infectivity of the different batches on PER.C6 cells . 
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Table n. AdApt35.LacZ viruses escape neutralization by hi 



iiunan serum. 



Virus 


Human serin 

no serum 


n dilution 

lOx 


50x 


250x 


1250x 


6250x 


AdApt5.LacZ 
moi: 5 VP/cell 


100 % 


0% 


0% 


1% 


40% 


80% 


AdApt35.LacZ 
250 nl crade lysate 


100% 


100% 


100% 


100% 


100% 


100% 
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Table III: The numbers of foci obtained with the different El expression constructs in 

BRK transformation experiments. 
Average # of foci/dish: 



! Construct 




5 jiff 


Experiment 1 pIG.ElA.ElB 


j nd 


60 


pIG.ElA.ElB 


nd 


35 


pRSVAd35El 


0 


3 


pIG.Ad35.El 


3 


7 


Experiment 2 pIG.ElA.ElB 


37 


nd 


pIG.Ad35.El 


nd 


2 


Experiment 3 jjIG.E1A.E1B 


nd 


140 ! 


pIG.Ad35.El 


nd 


20 


pIG270 


nd 


30 
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Table IV: Yields of El- and E1/E3- deleted Ad35 viruses on clone #16 cells produced on 
triple layer flasks. 

Virus Scale(T175m flasks) Total # of Virus Particles after DSP VP/cell 

Ad35.AdApt.eGFP 4 7 . 5xl0 " 2500 

Ad35.AE3.AdApt.empty 8 2 xl0 12 3300 

Ad35.AE3.AdApt.LacZ 8 3 . 8xl0 n m 

Ad35.AE3.AdApt.MV-F 4 8 . 8xlo u 

Ad35.AE3.AdApt.MV-H 8 2 .6 X 10" 2 4250 
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Table V: Transformation efficiencies on BRK cells with different Ad-El expression 
constructs. 



Construct Transfected DNA (jig) # foci per dish 

5 Experiment 1 pIG.ElA.ElB 5 44 

pIG270 5 0 

pCC271 5 0 

pIG535 5 1 

pCC535s 5 2.5 

10 Experiment 2 pIG.ElA.ElB 4 15 

pCC271 4 0 

pCC535s 4 3 

pCC536s 4 3 
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Claims 

What is claimed is : 

5 1 . A packaging cell line capable of complementing recombinant adenovirus 

based on a serotype from subgroup B. 

2. The packaging cell line of claim 1 wherein said serotype from subgroup B 
is adenovirus type 35. 

10 

3. The packaging cell line of claim 1 or 2, wherein said packaging cell line is 
derived from primary, diploid human cells, or derivatives thereof; said primary, diploid 
human cells or derivatives thereof having been transformed by adenovirus El coding 
sequences either operatively linked on one DNA molecule or located on two separate 

15 DNA molecules, said adenovirus El coding sequences being operatively linked to 
regulatory sequences enabling transcription and translation of encoded proteins. 

4. The packaging cell line of claim 3 wherein the primary, diploid human 
cells, or derivatives thereof have been selected from the group consisting of primary 

20 human retinoblasts, primary human embryonic kidney cells and primary human 
amniocytes. 

5. The packaging cell line of claim 3 or 4, wherein the primary, diploid 
human cells, or derivatives thereof have been transfected with an adenovirus El A coding 

25 sequence to induce unlimited proliferation. 

6. The packaging cell line of claim 5 wherein said packaging cell line further 
comprises an E1B coding sequence. 

30 7. The packaging cell line of claim 3 or 4, wherein the primary, diploid 

human cells, or derivatives thereof have been transformed by expression of adenovirus 
El proteins of a subgroup other than subgroup C. 

8. The packaging cell line of claim 7 wherein the subgroup other than 
35 subgroup C is subgroup B. 
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9. The packaging cell line of claim 8, wherein said adenovirus El proteins 
are derived from adenovirus type 35. 

10. The packaging cell line of claim 3 or 4, wherein the primary, diploid 

5 human cells or derivatives thereof have been transformed with a chimeric adenovirus El 
construct comprising part of a first adenovirus El coding sequence of a first adenovirus 
serotype that enables efficient transformation of primary human cells or derivatives 
thereof; and part of a second adenovirus El coding sequence of a second adenovirus 
serotype, wherein said second adenovirus El coding sequence provides the serotype- 
10 specific adenovirus E1B function(s) that enable(s) efficient propagation of recombinant 
adenovirus El -deleted viruses of said second adenovirus serotype. 

1 1 . The packaging cell line of claim 1 0 wherein said first adenovirus serotype 
is a subgroup C adenovirus and said second adenovirus serotype is a subgroup B 

1 5 adenovirus, more particular adenovirus type 35. 

12. The packaging cell line of claim 1 0 wherein El A coding sequence and at 
least part of the E1B-21K coding sequence are derived from a subgroup C adenovirus, 
and the E1B-55K coding sequence as far as not overlapping with the 21K coding 

20 sequence is derived from a subgroup B adenovirus. 

13. The packaging cell line of claim 12 wherein said subgroup B adenovirus is 
adenovirus type 35. 

25 14. The packaging cell line of claim 10 wherein all El coding sequences are 

derived from a subgroup C adenovirus, except for at least a part of the E1B-55K coding 
sequence that is necessary for serotype-specific complementation of an alternative 
adenovirus serotype, said E1B coding sequence being derived from said alternative 
adenovirus serotype. 

30 

15. The packaging cell line of any one of claims 6, 10 or 14, wherein said 
packaging cell line comprises bovine adenovirus E1B-55K. 



35 



1 6. The packaging cell line of claim 1 5, wherein said complementing 
recombinant adenovirus is derived from a bovine adenovirus. 
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17. The packaging cell line of claim 3 or 4, wherein the primary diploid 
human cells or derivatives thereof have been transformed by adenovirus El coding 
sequences located on two separate DNA molecules wherein the first DNA molecule 
carries at least part of the El coding sequences of the serotype enabling efficient 
transformation and the second DNA molecule carries at least part of the sequences 
necessary for serotype-specific complementation. 

18. The packaging cell line of claim 4 wherein said derivative cells are 
PER.C6 (ECACC deposit number 96022940) which further comprise an Ad35-El region 
integrated into their genome, and wherein said Ad35-El region is present in a functional 
expression cassette. 

19. The packaging cell line of claim 18 wherein said Ad35-El region does not 
contain sequences overlapping with sequences present in an associated recombinant viral 
vector. 

20. The packaging cell line of claim 18 or 19, wherein said functional 
expression cassette comprises a heterologous promoter and a poly-adenylation signal 
functionally linked to said Ad35-El region, wherein said heterologous promoter is a 
human phosphoglycerate gene promoter (hPGK) and wherein said poly-adenylation 
signal is a hepatitis B virus poly-adenylation signal (HBV-pA). 

2 1 . The packaging cell line of claim 20 wherein said Ad35-El region 
comprises the coding regions of the El A proteins and the E1B promoter sequence linked 
to E1B coding sequences up to and including the stop codon of the E1B 55K protein. 

22. The packaging cell line of claim 20 wherein said Ad35-El region 
comprises nucleotide 468 to and including nucleotide 3400 of the Ad35 wild-type 
sequence. 

23 . A cell line derived from PER.C6 (ECACC deposit number 96022940), 
which cell line comprises Ad35-E1B coding sequences. 

24. The cell line of claim 23 wherein said Ad35-E1B coding sequences are 
driven by an E IB promoter and terminated by a heterologous poly-adenylation signal. 
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25. The cell line of claim 23, wherein said Ad35-E1B coding sequences are 
driven by a heterologous promoter. 

26. The cell line of claim 25 wherein said Ad35-E1B coding sequences are 

5 driven by a hPGK promoter or an Elongation Factor-1 a (EF- 1 a) promoter and terminated 
by a heterologous poly-adenylation signal. 

27. The cell line of claim 24 or 26, wherein said heterologous poly- 
adenylation signal is a hepatitis B virus poly-adenylation signal (HBV-pA). 

10 

28 . The cell line according to any one of claims 23-27, wherein said Ad35- 
E1B coding sequences comprise the coding sequences of the E1B 21K and the E1B 55K 
proteins located between nucleotides 1611 and 3400 of the wild-type Ad35 sequence. 

15 29. The cell line of claim 28 wherein said Ad35-E1B coding sequences 

comprise nucleotides 1 550 to and including nucleotide 3400 of the wild-type Ad35 
sequence. 

30. The cell line of claim 28 wherein said Ad35-E1B coding sequences 

20 comprise the coding sequences of the E1B-55K gene located between nucleotides 1916 
and 3400 of the wild-type Ad35 sequence. 

3 1 . The cell line according to any one of claims 23-27, wherein said Ad35- 
E1B coding sequences comprise the coding sequences of the E1B-55K gene located 

.25 between nucleotides 1916 and 3400 of the wild-type Ad35 sequence. 

32. The cell line of claim 31, lacking a functional coding sequence for E1B- 

21K. 

30 33. The packaging cell line according to any one of claims 1-22, or a cell line 

according to any one of claims 23-32, further comprising a DNA encoding at least E4- 
orf6 of an adenovirus of subgroup B, preferably adenovirus serotype 35. 

34. A method for complementing a recombinant adenovirus comprising 
35 providing a packaging cell line according to any one of claims 1-22, or a cell line 
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according to any one of claims 23-33, with said recombinant adenovirus and culturing 
said cell to allow for complementation. 

35. A method according to claim 34, further comprising harvesting 
5 complemented recombinant adenovirus. 

36. A method according to claim 34, or claim 35, wherein said recombinant 
adenovirus is derived from [adenovirus] a subgroup B adenovirus. 

10 37. A method according to claim 36, wherein said recombinant adenovirus is 

derived from adenovirus type 35. 

38. A recombinant adenovirus obtained by a method according to any one of 
claims 34-37. 

15 

39. A recombinant adenovirus according to claim 38, comprising a deletion of 
nucleic acid encoding at least one El -region protein. 

40. A recombinant adenovirus according to claim 38 or claim 39 comprising a 
20 deletion of nucleic acid encoding at least one E3 -region protein and/or at least one E4- 

region protein. 

41. Use of a recombinant adenovirus according to any one of claims 38-40, for 
the preparation of a medicament. 

25 

42. Use of a packaging cell line according to any one of claims 1 -22, or a cell 
line according to any one of claims 23-33, for the complementation of a recombinant 
adenovirus. 



30 
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J CA7CATcAaT 
71 GCCGTCTEGT 
141 7GGGGG7GGA 
211 CTACTTA<fcTT 
26 1 ATTTTC6C6C 
351 TTGTTCAGGG 
421 CCGCGTAltCG 
ttQT QG7TTGTSTC 
5B1 ATAAAAA^AT 
631 GGAGC7TG7G 
701 CTTCAGGAAC 
771 TTACCGATTC 
841 TCCAGG6(?TG 
911 TTGCACT^CT 
931 CTGCAGCSSG 
1051 TGGCTGT4AG 
1iai ATGAGAAuGC 
1 191 TCACATG|a7 
126 1 ATCTCCTBAT 
1331 CCTGTGA4GC 
1401 SACCTTTE6A 
1471 ACGTCAA1AT 
1^41 TGGGCGGGGA 
161 1 ATGCAGGTTT 
1681 TCTCCGGTiTT 
1751 TAAACAAGAA 
1621 GTTCACT-RTA 
1891 CTTTTCTTUC 
1861 CATAGCCACA 
2031 CAGCCTTTjGG 
2101 AAQAGGAGAA 
2171 CTGCAACGGG 
2241 CTGGTACqGA 
2311 GCATGAGGTT 
2351 AAAACATGTT 

2451 ggcctgatIaa 
2521 6GCTGAGSTG 
2591 GTAGTCGQTA 
2©Q1 T7ATGGCCJAA 
2731 CTGGGGAOAG 
2801 AGTCAATTteT 
2871 GGGTCCGTteA 
2941 TAACATGAhr 
3011 ATGCTGCOTA 
3081 CCAAGTGOAC 
3151 GAAAGTGljrs 
3221 ATCTGGAA^SA 
3291 CCAGGTTClCA 
3361 TGGAGCAeAG 
3431 TTTTCAGAfTG 
3501 TTTTAAGGGG 
3571 GTTATGCGftT 
3641 TAAGTTCT|TC 

3711 aatgggttUc 

3791 AAGTTACTfrfi 
3851 CCGAGTTGCG 



AATATACCTT 
GATTGGCTGT 
GTTTTTTTGC 
TTCCCACCGT 
GAAAACTGAA 
CCAGGTAGAC 
TGTCAAAGTC 
AA6AGGCCAC 
GAGAGATTTG 
GTfiCACGCCC 
TGTATDATTT 
TATGC7TTTA 
ATTGTGGAAA 
ATGAA6ACGG 
TGAGGGAGT6 
TCTTGTGAAT 
ACTGCCACTT 
ATTGAGTGTG 
TCTAC7ACCT 
TTAAGCCTGG 
CTTGAGTACA 
TTGTGTGAGA 
CTCAGGTATA 
GGCCCATTTT 
TTGGAGA7TC 
TT7GAAAAGT 
AAGAAAAAGT 
TTTTATATTA 
GCATTGTGGA 
GTGTAGCGGG 
CCCGAGAGCC 
TGCTTACTGG 
TGCTAGATCT 
CAGAAAGAGC 
GGTTGGAGCC 
ACAGTATAAG 
GTAATAGATA 
TBGAAGCAGT 
TACCAAACTT 
GTTAGTGTAC 
CTCl GAAGAA 
CTCCCCTTCT 
TGTGGTGCTT 
CTGTSCATAT 
CATGCATGCA 
TTGGAACCAG 
TCCTGAGGTA 
GCCGGTGTQT 
TTCGGATCCA 
GACAGA7TGA 
5GAGTCTTCA 
CTACTGTGGA 
ACCTTTGGAC 
TATGGAAGCA 
TCCTTrtGGC 
AGTACAAACT 



ATAGATGGAA 
GGGGTTAACG 
AAGTTGTCGC 
ATTTAACAGG 
TGAGGAAGTG 
TTTGACCCAT 
TTCTGTTTTT 
TCTTGAGTGC 
CGAT7TCTGC 
TGATGGGAGA 
AGAGGTAGAS 
GCTGCTAATG 
GCGGTACAGG 
GTTTCCTCCG 
AAGGCTGCCA 
TTCACAG6AA 
TATTTACAGT 
ACTTTTGTGC 
CACCTCC7GA 
GAAACGTCCA 
CGGAAACGTC 
GTGCAATGTA 
TAAGTASAAG 
GGAAGACCTT 
TGGTTCSCTA 
TGTTGGTAGA 
TTTATCAGTT 
6ATAAATG5A 
GAACATGGAA 
AATCCTGAGG 
GGCCTGGACC 
ATCTACGTCC 
GAGT7GGCTT 
CAAGCCATGA 
AGAGGATGAT 

atcagtagac 
ctcaagacaa 
cacttttgta 
atattgcatg 

GGGGGTGTAG 
ATGCATAT7C 
ACAGATACTG 
CCGATGAGAG 
TGTTTCCCAT 
GGTG5GCGTA 
ATGCCTTTTC 
TGATGATACG 
GTAGATGTGA 
GTGGAGAAGA 
GTAAAAATTT 
GCCCTTATCT 
TGGAAGACCC 
GCAGCTGCAG 
TCGTGGCTftA 
CCAGCTGGAG 
GAQTCTSCTG 



TSGTGCCAAT 
GTTAAAAGCG 
GGGAAATGT7 
AAATGAGSTA 
TTTTTCTGAA 
TACGTGGAGQ 
ACGTAGGTGT 
CAGCGAGAAG 
CTCAGGAAAT 
CGATCCG6AG 
GGATCGGAGG 
AAGCATTAGA 
TGTAAGAAAA 
AGTGATGAGG 
A7GT7GGTTT 
AAATACTGGA 
AAGTGTGTTT 
TTCTTAT7AT 
TATTCAAGCA 
GCAGTGGAGA 
CAAGACAATA 
ATAAAAATAT 
CAGACCTGTG 
AGGAA3ACTA 
GTGAATTAGC 
TTGCCCAGGA 
7TAGACTTTT 
TCCCGCAGAC 
GGTTCGCAAG 
CATCCACCGG 
CTCCAGTGGA 
ACTQGACGGG 
TAAGTTTAAT 
ACTTTCTGTA 
TGGGCGGTGG 
GGATTAATAT 
GACAGTTATT 
AATGTTAAGT 
GTTGTAGCTT 
TTTCTATGCG 
CAAAGA7GTA 
GATG7TTTAT 
GCCTTATCAA 
CAACGCAAAA 
GAGGAATBTT 
CAGAATGAGC 
AGATCGAGGG 
CCGAAGATCT 
AACTGACTAA 
GTTTTTTCTG 
GACAGGGCGT 
GTTCAACCCG 
CCGCTGCCGC 
T7CCACTTCC 
GCTTTGACCC 
TCGGCAC6GC 



ATGTAAATGA 
GCGGCGCGGC 
ACGCATAAAA 
STTTTGACCG 
TAATGTGGTA 
TTTCGATTAC 
CAGCTGATCG 
A0TTTTCTCC 
AATCTCTGCT 
CCACCTGTGC 
ATTCTAATGA 
ATTAGATCCG 
TTACCTGATT 
AGGACCATGA 
TCAGT7GGAT 
GTAAAGGAAC 
AAGTTAAAAT 
AGGTCCTGTG 
CCTGTTCCTG 
AACTTGAGGA 
AGTGTTCCA7 
GTTAACTG7T 
TGGTTAGCTC 
QGCAACTGTT 
TAGGGTAGTT 
CTTTTTGAAG 
CAACCCCAGG 
TCATTTCAGC 
ATGAGGACAA 
TCATGCCAGC 
GGAGGCGGAG 
ATAGGGGCGT 
GAGTCGCAGA 
TTQCAGGAGA 
CCATTAAAAA 
CCGGAATCC7 
AGATGC7GCA 
TTAGGGGAGA 
TTTTGGTTTC 
TGTTGGATTC 
ACCTGGGCAT 
TTTAATTAAG 
ATGCTCACTT 
AATGGCCTGT 
TATGCCTTAC 
CTAACAGGAA 
TGCGCGCATG 
CAGACCGGAT 
GGTGAGTATT 
TCTTGCAGCT 
CTCCCATCCT 
CCAATTCTTC 
CGCCTCTGTC 
TCTAATAACC 
AACGTCT0QG 
AAAGTCfAAA 



GGTGATTTTA 
CGTGGGAAAA 
AGGC7TCTTT 
GATGCAAGTG 
TTTATGGCAG 
CGTGTTTTTT 
CTAGGGTATT 
TCT6CGCCGG 
GAGACTGGAA 
AGCTTTTTGA 
GGAAGCTGTG 
CCTTTSGACA 
TGAG7TCCGT 
AAAGGAGCAG 
TGCCC5GAGC 
TGTTATGTTC 
TTAAAGGAAT 
TCTGATGCTG 
TGGACGTGCG 
CTTG7TACA6 
ATCCGTGTTT 
CACTGGTTTT 
ATAGGAGCTG 
AGAGAGCGCT 
TTTAGGATAA 
CTCTTAATTT 
TAGAACTGCT 
AGGGGATACG 
TCTTAGGTTA 
GGTTCTGGAG 

TAGCTGACTT 
TAAGAGGGAG 
CGTCCTGAAA 
AATATTCACT 
TTATGCCAAG 
TCTTACATAT 
TGATGGATAT 
TGSTTATAAT 
AACAATACCT 
CCACAGCTGG 
TCTGAATGAA 
GGAAATGCCA 

GTGCTGGTGG 
TTTTSATCAC 
CAGTGTAACA 
TCTTTGACAT 
CGAA7GCGGA 
CATTTGSTTA 
GGGAAAACTT 
GACArQAGTG 
GGGCAGGAGT 
AACGCTGACC 
GCCGCTAACA 
CTTCTACACT 
TGAACTTTCT 
TAAAAAAAAT 



AAAAGTGTGS 
TGACGTTTTA 
7CTCACGGAA 
AAAATTGCTG 
GQTGGASTAT 
ACC7GAATTT 
TATACCTCAS 
CAGTTTAATA 
ATGAAATATT 
GCCTCCTACG 
AATGGCTTT7 
CTTTCAATAC 
GGACTGTGAT 
TCCA7GCAGA 
7TCC7GGACA 
GCTTTGTTAT 
A7SC7GTT7T 
ATGAATCACC 
CAAGCCCATT 
0G7QGGGACG 
ACTTAAGGTG 
TATTGCTTTT 
GCTTTCATCC 
TCGGACGGAG 
AACAGGACTA 
GGQCCATCAG 
GC7GCTGTGG 
T7TTGGATTT 
CTGGCCAGTG 
GAGGAACAGC 
G7CTCCTGAA 
AGGGCATCCA 
CCA7TTGG7G 
CGAACAGCTG 
ATAGCTTTGA 
CTGGAAATGG 
G7GGCCTBGA 
GGAA7AGTG7 
STG7AGATGC 
CAGAACCAAG 
GGCGAAGCAA 
GCGTAAAGCA 
GCATTGTAA7 
AA7GTG7TSA 
TGAATCATG7 
GAACACGCAA 
GGCAAGCATG 
TTGCCCGCAC 
TGGGGTGGGA 
GAAATGCTTC 
TCGTCA6AAT 
TATGCTACTT 
CTG7GC77GG 
GACTCAGGAC 
CAGCAGGTGS 
TCCAGAATCA 
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£E!?££™*£I AA ^ C8 S Q i TT GT7GTT Wr taaaatcaag tgtttttatt tcatttttcs cgcacggtat 

399 GCCCTGGACC ACCCATCTCC ATCATTGAGA ACTCGGTGGA TTTTTTCCAS .AATCCTATAG AGGTSGSATT 

J ?**™JTJ?r T?KtI!SSf ATTASQCCGT CTTTGGGSTG GAGATAGCTC CATTGAAGGG ATTCATGCTC 

2™ ?£5?5™I? JTGTAAATCA CCCAGTCATA ACAAGQTCGC AGTGCATGGT GTTGCACAAT ATCTTTTA8A 

21? IISS?^!*. TAAGCCCTTG GTGTAGGTGT TTACAAACCG GTTGAGCTGG GAGGGGTGCA 

»!Z JJCGAGGTGA AAiTATGTGC ATTTTGGATT GGATTTTTAA GTTGGCAATA TTGCCGCCAA GATCCCGTCT 

8? ^rJI^In llll^S* CTACCAA * AG 6GTGTATCCG GTACATTTAG GAAATTTATC GTGCAGCTTG 

Sos ™I™ AAAAE - 2?IES2$*£ TTTGGAGACA cccttgtgtc ctccgagatt ttccatgcac TCATCCATGA 

TiV, I AA ™ GCAAT ggggccgtgg GCAGCGGCGC gggcaaacac gttccgtggg tctgacacat catagttatg 

till 25£I9^JI ^ TCATCAr AA GCCATTTT AATGAATTTG GGGCGGAGcS TACMGATTC GGGTATGAAT 
4881 STTCCTfCSC GCCCCGGAGC ATAGTTCCCC TCACAGATTT GCATTTCCCA AGCTTTCAGT TCTGAGGGTG 
2522 E^ISS" GCTATGAAGA ACACCGTTTC GGGGGCGGGG ST6ATTAGTT GG^TGAtIg 

21? $^?IIZSZ? ~5H AA II GAS ATTTGCCACA TCCGGTGGGG CCATAAATAA TTCCGATTAC ABGTTGCACG 
4831 TGGTAGTTTA GGGAACGCCA ACTGCCGTCT TCTCGAAGCA AGGGGGCCAC CTCGTTCATC ATTTCCCTTA 
«7? SESTET ££ 4 H 5CACC AAA TCCATTA GGAGGCGCTC TCCTCCTAGT GaTaGAAGTT CT^TaG^A 
2nl fS^SIIJ yjGAGCGGTT T7AQACCG7C AGCCATGGGC ATTTTGGAAA GAGTTTSCTG CAAAAGTTCT 
In TmSmJctC CtSS?™? A ^ G "IS TC "3ATCCAGCAG ACCTCCTCGT TTCGCGGGTT 

5 8 c^Aef-rxJr rlf^l^l fli! 6 *®*" ATGGGCGTCC AGCGCTGCCA GGGTTCGGTC CTTCCAGGGT 
Ul) ? A ?J?™ T T8TTT CCGTC ACAGTGAAGG GGTGTGCGCC TGCTTGCSCG CTTGCCAGGG 

Sfi J5S?5JJ£$S AC JS A II£ B C 1 GGTGGAGA ACTTCTGTCG CTTGGCGCCC TGTATGTCGG CCAAGTAGCA 
III tTcttSMS ??UE?K2I TGAGCGCCTC GGCTGCGTGG CCTTTGGCGC GGAGCTTACC TTTMAACTT 
55 AgStHa^ CfiCM«eI« I A ««r A JI^ A ?^I ACA SCTTGGGCGC AASGAAAATG GATTCTgIgG 
5bI rrr?T?f A IS ?2??£S?Si? ®£?2 CG . CAAA CAGTtTCACA TTCCACCAGC CAGGTTAAAT CCGGTTCATT 
IIS e .?i5I$ AAAA A CAAGTTTTC CGCCATATTT TTTGATGCGT TTCTTACCTT TGSTCTCCAT AASTTCGTGT 

Is7 TGCCTCGGTC TTnTTTrTAr KJISS* TCTCCGTA6A CTGATTTTAC IEcTCTTC ftSSSJS 
JI£ TTCSTAC A GGA4CTCTC ACCACTCTGA TACAAAGGCG CGCGTCCAGG CCAGCACAAA 
Si 1 atStKJ*?? J?? GA 5 GSST ag «ATCGTT GTCAACCAGG GGSTCCACCT TTTCCAAAGT ATBCAAACAC 
fla ™I2 A £S£I c ™caacatc CAGGAAT6TG ATTGGCTTGT AGGTGTATTT CACSTHACCT GGGGTCCCCG 
588 CTGSGQGG6T ATAAAAGGSG fiCGSTTCTTT GCTCTTCCTC ACTGTCTTCC BGiTrrrTST rr«Sni"*S? 
S9S CAGCTGTTG6 GGTA6GTATT CCCTCTCGAA GGCGGGCATG ACCTCTGCAC 5b?5?ctSSJ 

lot tSSSSSSS ttttttattg ?Sffi??S SBtPV* Sffffwffi 

flier 7?J?;.SJiI TIIIII ATT S TCAAGTTTGG TGGCAAATGA TCCATACAGG GCGTTGGATA AAASTTTGSc 
829 SeSertJSS ?ISJJJSSI JCTTTTCCTT BTCCGCGD3C TCTTTGGCGG CGATGTTGAG TTGGACATAC 
IS ESS??*™ CA^If?? IIf?^ GAA S A^TTaTTA AT7CATCTGG CAGGATTCTC ACTTOCCACC 
fl*7 r!£5iIT A ^ G ^ AA 2? TAATT A.AATCCACAC TGGTSGCCAC CTCGCCTCGA AGGGGTTCAT TGSTCCAACA 
fiS ESS^i AACAGAAASC GGGAAGTGGp TCTAGCATAA GT? C ATWGG AGQGTCTQCA 

i I 3 assfss c™*"i§? gsBsafs atwis ksse 
i i i S S Hiil ~« »— ~ 

693 SltTICTTS aItStSS tScctStt eSffSSS JKSSBISE E£H eMM "O^STCAA 

ess gggjffi ™ Hi i esses sassss 

3S!i KSSSS SHffiSS ? SI 5 E^?P """"" ESSES? SEES 
S! S^S I is E ™- ™S S5SSS 

7^21 TACGATGTAT AATTCTATGA AACGCgIcg? irrrrTrfrr ^Ul^ 3 AA ACCGTTGA TGTTSTGTCC 

a: SS525 ksskS S F — s sis; 

7771 CTAGTTGTTT GCCAAAGGAT CCCATCcaIg 5btIS?ST? rT? A £ AGTTT CATGACCA6C ATGAAAGGaa 
78i»1 GCGABGATGA GAGCCGATCG GGa!IS AG G GA^r^r ^ISSHS ^CAGGAAGA GTCTTTCTGT 
791, TGGAAGTAGA AGTrTCTGc! SS S?t3SS BRSHR H2HE CAGTAGTCGC 
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7961 
8051 
8121 
8191 
8261 
8331 
8401 
847 1 
8541 
8611 
8681 
3751 
8821 
889 1 
8961 
9Q31 
9101 
9171 
9S4 7 
9311 
9381 
9451 
9621 
9591 
9081 
9731 
980 1 
9871 
9941 
10011 
10081 
1015T 
10221 
10291 
10391 
10431 
10501 
10571 
10641 
U>711 
10781 
10851 
10921 
10991 
11081 
11131 
11201 
11271 
11341 
11411 
'11481 
TT551 
1 1621 
1 1691 
U781 
11531 
11901 
11971 



AGCGTTGCAC 
GCCGAGGCCT 
ATGGTGGTCA 
GGACGAGAGC 
C AG A AG ATT A 
TCGTTTGTAG 
TTCTTTTGAT 
GGCAGCGGTT 
GGTATTGCGC 
GGTGAAAGCT 
ACGGCAGCTT 
GCTCGATTTC 
ACGGCCCATG 
TCGGAGTCTC 
TGCATAGGCG 
TCGTCTCAGC 
GCAAAATTAA 
CTATGGTGCC 
TAACATCTCT 
CGGTCGATGA 
CGCGCGGTCG 
GAGGGAGAGG 
TCAAGATCCA 
GTACGGCTTC 
AGGTSAGACG 
ACCAGGTCTT 
TAGCAAGATC 
CATACGTGTG 
ATCGCTTGCT 
TATTAATGGT 
GGTGTATTTA 
TACCCTATAA 
CGAGGTCTTC 
AGTAGAAGCC 
GGCACGGTTT 
AGCGACTCGA 
TACTCGAGCC 
CAGGATACGG 
TTTGCCGCTC 
AGCAGCAACC 
CTATCATCTQ 
CGAGTTCAAC 
GCGAGGAGCC 
AAGACGAGTG 
STGGCTBCAG 
TTAATAATCA 
GATGSAAGCT 
AGCAGAGACA 
ATCTTATCAA 
CATC A AT TAG 
ATAGACAAGG 
ATCTTGCGGT 
CAGGGAACTG 
ATGGGA5CTB 
CTTACATAGA 
GTGTTTTTTG 
CGGCATTAAC 
GAAGCCTTTA 



GGGTTGTATC 
GGCGATTGTA 
T6CTGACGAG 
GCGCAGGCTG 
ACTTQCATQA 
AGACGTCAAT 
CGGTGGTGGC 
GTTCCGGACC 
TCTGAGAAGA 
ACCGGCCCCG 
GTCTCAGTAT 
TTCCTCCTGA 
AQTTQGGA9A 
TTSCGCGCAT 
CTGAAAAAGG 
GGCATTTCGC 
AAAACTG6GA 
CCGTACTTCS 
TCTTCGTCTT 
ATCGTTCAAT 
CAGAGTAAAA 
GCGCTGATTA 
CGGGATCT6A 
TTGTGGGCGG 
ATGCTGCTGG 
TGGGTCCGGC 
TTTGTAGTAG 
AQTCCAAATC 
GTACTTGGQT 
GTAAGCACAG 
AGGCGCGAAT 
GAAAATGCGG 
CAACATAAGG 
CGAGGAAACT 
GACCAGTGAG 
CTCCGTAGCC 
GGCCGGAGCC 
AATCGAGTCG 
AGATGCATCC 
ACAAAAGGCT 
GACTTGGAAG 
TGAAAAAAGA 
GGAGGA9ATG 
TTSCGAGACG 
CCAACCTTGr 
TGTGCGAACC 
ATCATTCAQA 
ATGAGGCTTT 
CATTCTACAG 
TCGGTTTTGA 
AGGTGAAGAT 
QTATCGCAAT 
ATGCACAGTT 
ACTTGCASTG 
AGAGGCGGAT 

ctagatggaa 
tcctcggacg 
gacagcaacc 



TCGTGAATGA 
TCTCGTGCTC 
CCCCCGCGGG 
GAGCTGTCCA 
TCTTTTCCAG 
GGCTTGCAGG 
TwTCTTGCTT 
CGGGGGCATC 
CTTGCGTGCG 
TGAGCTTGAA 
TTCTTGTACG 
AGATCTCCGC 
ATGCATTCAT 
CACCACCTGA 
TAGTTGAGTG 
TAACATCGCC 
GTTTCGCGCG 
CGTTCGAAGG 
CAGGCGGGGG 
CACCTCTCCG 
ACACCGCCGC 
TACATTTTAT 
AAACCTTTCG 
GGGTGGTTAT 
TGATGAAATT 
TTGCTGGATA 
TCTTGCATGA 
CGCGCATTGG 
AAGGGTGGCT 
TTGGCCATGA 
AGGCGCGGGT 
CGGTGGTTGS 
CGGTGATAGC 
CGCGTACGCG 
GCGCQCGCAG 
TGGAGGAACG 
GCGGCTAACG 
TTTTCCTGGT 
CGTGCTGCGA 
GTCCCTGCAA 
AGGGCGAAGG 
TTCTCGCGAG 
CGAGCTTCCC 
AGGATTTCGA 
ATCGGCTTAC 
CTGATTGCCC 
ACCCTACTAG 
CAGAGAGCCG 
AGTATCATAG 
GCTTGGGAAA 
AGATGGGTTC 
GACAGAATGC 
TGCAAAGAGC 
G'CAGCCTACT 
GAAGGCGAGG 
CAGCAAGCAC 
ATTSGACCCA 
CCAGGCCAAC 



GCTGTACCTG 
TTCTATATTC 
AGGCAAGTCC 
GAGTCCTGAG 
GGCGTGCGGG 
GTTCCGTGTC 
CTTGCATGCT 
GCTGCTAGTG 
CCACCACGCG 
CCTGAAAGAG 
TCACCA6AGT 
GACCCGCTCT 
GCCCGCCTCG 
GCGAGGTTAA 
TGGTGGCAAT 
CAGAGCTTCC 
GACACGGTCA 
CTCCCGGGAT 
CGGAGGQGGC 
CGGCGGCGGC 
GCATCTCCTT 
TAATTGGCCC 
ACGAAAGCGT 
GTGTTCGGTC 
AAAGTAGGCA 
CGCAGGCGA7 
G CCGTTCTAC 
7TGTACCAGT 
TGAAAGTCAT 
CTGACCACTT 
GTCAAAGATG 
CGGTAGAGAG 
CGTAGATGTA 
GTTCCAAATG 
TCATTGATGC 
TGAACGGGTT 
TGGTATTGGC 
TTCCGAATGG 
CAGATGCGCC 
CTACTGCAAC 
ACTGGCACGT 
GCGTATGTGC 
GCTTTAACGC 
AGTTGATGAA 
GAGCAGACAG 
GCGAAGAAGT 
CAAACCtCTG 
CTGCTGAACA 
TGCAGGAGCG 
ATATTACGCT 
TACATGCGCA 
ATCGCGCG5T 
TCTGACTGGA 
CGCAGGGCTC 
AGGAAGAGGG 
CGGATCCCGC 
GGCCATGCAA 
CGTCTATCGG 



GCTTCCCTTG 
GCTGTATCGG 
AQACCTCSGC 
ACGCTGCGGA 
AGGTTCAGAT 
CTTTGGGCGC 
CAGAAGCGGT 
GCACGTCGGC 
TCGATTGACG 
AGTTCAACAG 
TGTCCTGGTA 
TTCGACGGTG 
TTCCAGACGC 
GCTCCACGTG 
GTGTTCGGCG 
AAGCGCTCCA 
ATTCCTCCTC 
CTCTTCTTCC 
ACGCGGCGAC 
GCATGCTTTC 
AAAGTGGTGA 
GTAGGGACTG 
CTAACCAGTC 
TGGGTCTTCT 
GTTCTAAGAC 
TGGCCATTCC 
GSGCACTTCT 
GCCAAGTCAG 
CAAAATCCAC 
AACTGTCTGG 
TAATCGTTGC 
GCCATCGTTC 
CCTGGACATC 
TTGCGTAGCG 
TCTATAGACA 
GQGTCGCGGT 
ACTCCCGTCT 
CAGGGAACTG 
CCCAACAACA 
TGCCGCCGTG 
CTaGGTGCGC 
CCCAACAGAA 
GGGTCGTGAG 
GTGACAGGGA 
TAAAGGAAGA 
TACCCTTGGT 
ACCGCCCAGC 
TCACCGAACC 
GAGCCTGGGC 
CGCAAAATCT 
TGACGCTCAA 
TAGCGCCAGC 
GCTGGAACCG 
TGAGCGCCGC 
CGAGTACTTG 
AATGCGGGCQ 
CGTATCATGG 
CCATCATGSA 



ACGAGAAATT 
CCTGTTCATC 
GCGGGAG6GG 
CTCAGGTTAG 
GGTACT7GAT 
CACTACCGTA 
GACGGGGACG 
GCCGCGCACG 
TCTTGTATCT 
AATCAATTTC 
GGCGATCTCC 
GCCGCGAGGT 
GGCTGTAAAC 
TCTGGTCAAG 
ACGAAGAAAT 
TGGCCTCGTA 
GAGAA&ACGG 
TCTTCTATCT 
GTCGACGGCG 
AGTGACGGCG 
CTGGGAGGTT 
CGCGCAGAGA 
ACAGTCACAA 
GTTTCTTCTT 
GGCGGATGGT 
CCAAGCATTA 
TCCTCACCCG 
CTACGACTCT 
AAAGGGGTGO 
TGACCAGGGC 
AGGTGCGCAC 
TGTAGCTGGA 
CAGGTGATTC 
GCATSAAGTA 
CGGASAAAAT 
GTACCCCGGT 
CGACCCAGCC 
AGTCCTATTT 
GCCCCCCTCG 
AGCGGTGCGG 
CTTCGCCCGA 
CCTATTTAGA 
CTGCGTCACG 
TCAGTCCTGC 
GCGTAACTTC 
TTGATGCATT 
TGTTTCTGGT 
CGAGGGGAGA 
CTGSCCGAGA 
ACAAGACTCC 
GGTCTTGACC 
AGGAGGCGCG 
AGGGTGAGAA 
GACGGCAGGA 
GAAGACTGAT 
GCGCTGCAGA 
CGTTGACGAC 
AGCTOTAGTG 



TCAQTGGGAA 
TTCTGTTTCG 
CGGAGCTGAA 
TAGGTAGGGA 
TTCCACAGGT 
CCTTTGTTTT 
CGCGCCGGGC 
CGCAGGTTCT 
GACGTCTCTG 
GGTATCGTTA 
GCCATGAACT 
CATTGGAGAT 
CACGGCCCCC 
ACCGCATAGT 
ACATGA7CCA 
GAAGTCCACG 
ATGAGTTCGG 
CTTCTTCCAC 
CACGGGCAAA 
CGGCCGTTCT 
CTCCGTTTGfi 
TCTGATCGTG 
GGTAGGCTGA 
CATCTCGGGA 
GGCGAGGAGC 
TCCTGACATC 
TTCTGCCATG 
TTCG5CGAGG 
TAAQCCCCTG ' 
GCACGAGCTC 
CAGATACTGG 
GCCCCAGGGG 
CTGCGGCGGT 
GTTCATTGTA 
GAAAGCGTTC 
TCGAGACTTG 
TACAAAAATC 
TTTTTTTTTT 
CAGCAGCASC 
GACAGCCCSC 
GCGGCATCCG 
GACAGAAGCG 
GTTTGGACCG 
CAGGGCACAC 
CAAAAGTCTT 
TGTGGGATTT 
GGTGCAACAC 
TGGTTCTATG 
AGGTAGCTGC 
ATACGTTCCC ' 
CTGAGCGATG 
AGTTAA5CGA 
TTACTTCGAC 
TCTGAGCTT C 
GGCACAACCC 
GCCAGCCGTC 
TCGCAACCCC 
CCTTCCCGAT 
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12041 
12111 
12181 
12251 
12321 
12391 
12461 
12531 
12601 
12671 
12741 
12BU 
12SBT 
12951 
13021 
13091 
13161 
13231 
13301 
13371 
13441 
13511 

13651 
13721 
13791 
13861 
15931 
14001 
14071 
14141 
1421 1 
14281 
1435) 
14421 
14491 
14561 
14631 
14701 
14777 
14841 
14911 
14987 
15051 
15121 
15191 
15261 
15331 
15401 
15471 
15541 
15611 
15681 
15751 
15821 

15961 
16031 



CTAATCCCAC 
TGAGGCCGGA 
AATTTGGACC 
ACCTGGGTTC 
GGATTATACT 
TCCGGTCCTG 
AAAACCTTAA 
TCCGAACTCC 
TATTTGGGTT 
AAGAAATTAC 
CTTGCTTACC 
AGATATGTGC 
TGACAGCGCG 
CTTGCACAGA 
CCACCTGGTT 
ACAGCGATGT 
TTCTGCATCG 
CTACCCTTTT 
AAGAGGAGTA 
AAGTTTGGTG 
GGGACTACAA 
AGGATTCGGC 
GCGCCCTCGC 

GCGTACGTTC 
TGTATCCQGA 
ATCCCCACTG 
TACTCGGAAC 
CTTCTCTGAA 
TAC6GAAGCC 
ATSCATACTA 
CCAGAAAACC 
GTGGTTCGAG 
ATCATAGATA 
ACACCAGSAA 
AGCCTTCCAT 
CTTCTTGGTA 
GTAATATTCC 
AGCTGCTACA 
GGAGAGGTCA 
CTGAAGGAAC 
GTTGGAAQAC 
SGAGTGCGTT 
TTCCAGACA7 
TGCAGAGCTT 
CAGTCCACCT 
CCACCATTAC 
TATCCGGGGA 
CTGGGCATA6 
CGCCCAGTAA 
TACCCAACAT 
GTTCGAACCA 
CTACATCTAC 
CCGGCGAAGQ 
ASASCTAGAC 
GCAQGTCCCG 
CAATGTATAC 
TAGAAGATAC 
AAATGCTGCA 



TCATQAGAAG 
CTGGTATACA 
GTATGATAAC 
GCTGGTGGCG 
AACTTTTTAA 
A7TACTTCTT 
AGGTTTGTGG 
CGCCTGTTAT 
ACCTACTAAA 
CCAASTCAGT 
AATCGGTCTC 
AGCAGAGCGT 
AAATATG6AG 
GCTGCCGCTA 
TCTACACGGG 
TTTTTCACCT 
CTGTCCGGGG 
CTCTACACAG 
CCTAAACGAT 
GATAAAATGA 
GTAGAGCGAG 
CG ATGATAGC 
TTGGGTGGTA 
GTTCTTCTTT 
GGGTCCTCCT 
GAGSCTCCCT 
TGGCACCTCA 
CTATCAEAAT 
AGCACCCAGA 
ACATGCCAAA 
TCCCGACQGT 
TTTACTTTGC 
ATTACTTGAA 
CTTCAAGCTG 
CCTGACATTG 
TCAGAAAAAA 
GGCCCTCTTG 
(5CTGCTGCAG 
GAGGAGACAA 
GBACGTGAAA 
AAAATCAACA 
CCTGGACATT 
GATGAAGGAT 
ATGCCCGTCT 
CGCTTACGCA 
CACCGTCAGT 
GTCCAACGTG 
TCGCACCGCG 
TAACACCGGT 
CCCGTGCGTG 
CCGTC6ATGA 
TGTGGATGCA 
CGCATTSCCA 

gcgtsgqgcg 
caggcaagca 
tgggtgcgtg 
tcagcagtct 
ggttatcgca 



GTCCTG(SCCA 
ACGCTCTCTT 
AGATGTACGC 
TTAAATGCTT 
GTGCTTTGAG 
TCAGACTAGC 
GGAGTGCATG 
TACTGTTGGT 
CCTGTATCGC 
CCCGCTTTGG 
AAAAGATCCC 
GGGATTGTTT 
CCCASCATGT 
TGAACTCTGA 
CGAATATGAC 
CTTTCTGATC 
TCATGGGTGC 
TSTACGTAGC 
TCCTTGCTCA 
GTAGATGGAA 
CCGTAGACGC 
AGCGTGTTGG 
TGTTGTGAAA 
ATTATCTGTG 
CCTTCGTACG 
TTGTGCCTCC 
GTACGATACC 
CACCACAGCA 
CCATTAACTT 
CGTGAACGAG 
GCTGtAGTTG 
CAGAAGGCAA 
AGTGGGTAGA 
GGATGGGATC 
TCTTACTGCC 
ACAGCCATTT 
GATGTAGATG 
AAGCTAAGGC 
TTTTGCGCCA 
CTCACTATTC 
CAGCCrATCG 
GCTCACCACC 
CCTGTCACT7 
TCTCAAAGAG 
CGTCTTCAAC 
GAAAACGTTC 
TGACCGTTAC 
CGTCCTTTCA 
TGGGGTCTGC 
TTCGCGGACA 
TGTAATCfiAT 
GTTATTGACA 
GACGCCACCG 
AAGAGCCATG 
GCCGCTSTCG 
ACGCTGCCAC 
CCGATBTTGT 
CCTGAAGTCT 



TCGTGAACSC 
AGAACGCCTG 
GAAGCCSTST 
TCTTGAGTAC 
ACTGATGGTA 
AGACAGGGCT 
CCCCGGTAG6 
AGCTCCTTTC 
GAAGCCATAG 
GACAGGAAGA 
TCCTCAATAT 
CTGATQCAAG 
ATGCCAGTAA 
TTATTTCACC 
ATGCCCGACC 
ATCGCACGTG 
TACCGCGGCT 
AGCGAAGTGG 
GACCGGCAAG 
GACTTATGCT 
CAQCGCCATG 
ACTTGGGTGG 
AAAAATAAAA 
TCTAGTATAA 
AGAGCGTGAT 
GCQATACCTG 
ACCAGGTTST 
ACTTCTTGAC 
TGaTGAACGA 
TATATGTTTA 
GGGATACTTA 
CTTTTCACTT 
CAGAATGGAG 
CCGAAACCAA 
TGGCTGCGGA 
CAAGAGGGTT 
CCTATGAGAA 
AAACATAGTT 
ACACCTGTTC 
AACCTGTAGA 
CAGTTGGTAT 
TCAGATGTCA 
rCCCCTCCAC 
CfTCTACAAC 
CSCTTTCCTG 
CTGCTCTCAC 
TGACGCCAGA 
AGCCGCACTT 
6CGCTCCAAG 
TTTTCGCGCT 
CAGGTGGTTG 
GTQTAGTGCC 
AGCTACCACT 
CTTAGGGCGQ 
CAGCGGCGAC 
CGGTCAACGT 
GTCCCAGCGG 
ACGGCCAACC 



GTTGSTGGAG 
GCTCGCTACA 
CTCAGCGCGA 
TCAGCCTGCT 
TCAGAAGTAC 
TGCAGACGGT 
AGAAAGAGCA 
ACCGACAGCG 
GGCAAAGTCA 
CACTGGCAGT 
GCTCTTACTG 
AG6GGGCAAC 
CCGACCTTTC 
AATGCCATCT 
CTAATGACGG 
GAAAAAGGAA 
GAGCCCGAGT 
GTAGAATAAG 
AGAAAAAAAT 
CAGGATCACA 
ACAGACAGAG 
GAGAGGAAGG 
AAQAAAAACT 
TGACGCGAGT 
GCAGCAGCAG 
GCACCTACGG 
ATCTGGTGGA 
CACGGTGGTG 
TCGCGGTGGG 
GTAACAAGTT 
TGATCACAAG 
ACTATGACTA 
TGCTTGAAAS 
GTTGATCATG 
GTGGATTTTA 
TTAAGATTTT 
CAGTAAGAAA 
GCCAGCGACT 
CGACTGCAGA 
AAAAGATAGT 
CTTTCGTACA 
CCTGCGGAGC 
TAGACAAQTC 
GAACAAGCT6 
AGAACCASAT 
AGATCACGGG 
CGCCGCACCT 
TCTAAAAAAA 
CAAGATGTAC 
CCATGGGGTG 
CCGACGCCCG 
TGACGCTCGC 
GCCATGCGAG 
CCAGACGTGC 
TATTGCCGAC 
GTACCCGTSC 
CGAGGATGfC 
GTTGAAGGAT 



AACAAAGCTA 
ACAGTAGCAA 
AAGGTTCCAG 
AATGTGCCGC 
CTCAGAGCGA 
AAATCTGAGC 
ACCGTGTCTA 
GTAGCATCGA 
GGTGGACGAG 
TTGGAAGCCA 
CGGAGGAGGA 
TCCGACTGCA 
ATTAACAAAC 
TAAACCCGCA 
ATTTCTGTGG 
GGCGGTGATA 
CTGCAAGTCC 
TCGCCCGAQT 
TTCCCAAACA 
GAGACGAGCC 
GGGTCTTGTG 
GGGAACCCGT 
CACCAASGCC 
CGTGCTAGGC 
CAGGCGACGG 
AGGGCAGAAA 
CAACAAGTCG 
CAGAACAATG 
GCGGTCASCT 
CAAAGCGCGT 
CAGGATATTT 
TTGATTTGAT 
TGACATTGGT 
CCTGGAG7GT 
CCGAGAGTCG 
GTATGAAGAT 
GAACAAAAA6 
CTACAAGGGT 
ATCATTATTG 
AAGAATAGAA 
aTTATGGCGA 
AGAGCAGGTT 
AGTAACTACC 
TGTACTCCCA 
TTTAATCCGT 
ACCCTSCCGT 
GTCCCTACGT 
AAAAATGTCC 
GGAGGCGCAC 
CCCTCAAGGG 
TAATTATACT 
AACTAT6CTC 
CCGCAAGAGC 
AGCTTCGGGC 
ATGGCCCAAT 
GCACCCGTCC 
CAAGCGCAAA 
GAAAAAAAAC 



TTCGTCCABA 
TGTGCAAACC 
CGTGATGCCA 
GTGGTCAACA 
AGTGTATCAG 
CAAGCTTTTA 
GCTTGTTAAC 
CCGTAATTCC 
CAGACCTATC 
CTCTGAACTT 
GAGGATCCTT 
GCACTGGACA 
TGCTGGACTA 
CTGGCTGCCC 
GACGlACGTGG 
GAATGCATTC 
TTTTCCTABT 

ttaatgggcg 
atggaataga 

TGGGATCATG 
TGGGACGATG 
TTGCTCATTT 
ATGGCGACGA 
GGAGCGGT6G 
CGGTSATGCA 
CAGCATTCGT 
GCGGACATT5 
ACTTTACCCC 
AAAGACCATC 
GTQATGGTGT 
TGGAATATGA 
GAACAATGCC 
GTTAAGTTCG 
ATACGTATGA 
TTTGAGCAAC 
TTAGAAGGTG 
CC AAA AT AG A 
TGCTAACGCT 
GCCGATGTGT 
GCTATAATGT 
TCCC9AAAAA 
TACTGGTCGC 
CTGTGGTGGG 
GCAGCTCCGC 
CCGCCGGCGC 
TGCGCAGCAG 
GTACAAGGCA 
ATTCTTATCT 
GCAAACGTTC 
CCGCACTCGC 
CCTACTGCGC 
GACGTAAGAG 
TCTGCTACGA 
GCCAGCGCCG 
CGCGAAGAGG 
CCCTCGCACT 
TACAAGGAAG 
CCCGCAAAAT 
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16101 CAAGCGGGTT AAAAAQGACA AAAAAGAAGA GGAAGATGGC GATGATG6GC TGGCGBAGTT TQTGCGCGAG 
16171 TTTGCCCCAC GGCGACCCGT GCAATSGCGT GGGCGCAAAG TTCGACATGT GTTGAGACCT GGAACTTCGG 
18241 TGGTCTTTAC ACCCGGCGAG CGTTCAAGCQ CTACTTTTAA GCGTTCCTAT GATGABGTGT ACGGGGATGA 
16311 TGATATTCTT GAGCAGGCGG , CTGACCGATT AGGCGAGTTT GCTTATGGCA AGCGTAGTAG AATAACTTCC 
16381 AASGATGAGA CAGTGTCAA7 ACCCTTGGAT CATGGAAATC CCACCCCTAG TCTTAAACCG GTCACTTTGC 
16451 AGCAAGTGTT ACCCGTAACT CCGCGAACAG GTGTTAAACG CGAAGGTGAA GATTT6TATC CCACTATGCA 
18521 ACTGATGGTA CCCAAACGCC AGAAGTT6GA GGACGTTTTG GAGAAAGTAA AAGTGGATCC AGATATTCAA 
18591 CCTGAGGTTA AAGTGAGACC CATTAAGCAG GTAGCGCCTG GTCTGGGGGT ACAAACTGTA GACATTAAGA 
16661 TTCCCACTGA AAGTATGGAA GTGCAAACTG AACCCGCAAA GCCTACTGCC ACCTCCACTG AAGTGCAAAC 
16731 GGATCCATGG ATGCCCATGC CTA7TACAAC TGACGCCGCC GGTCCCACTC GAAGATCCCG ACGAAAGTAC 
16901 GGTCCAGCAA GTCTGTTGAT GCCCAATTAT GTTGTACACC CATCTATTAT TCCTACTCCT GGTTACCGAG 
18871 SCACTCGCTA CTAfCGCAGC CGAAACAGTA CCTCCCGCCG TCGCCGCAAG ACACCTQCAA ATCGCAGTCG 
16941 TCGCCGTAQA CGCACAAGCA AACCGACTCC CGGCGCCCTG GTGCGGCAAG TGTACCGCAA TGGtAGTGCG 
17011 GAACCTTTGA CACTGCCGCG TCCGCCTTAC CATCCGACTA TCATCACTTA ATCAATQTTG CCGCTGCCTC 
17081, CTTGCAGATA TGGCCCTCAC TTGTCGCCTT CGCGTTCCCA TCACJGGTTA CCGAGGAAGA AACTCGCGCC 
171S1 QTAGAAGAGG GATGTTGGGA CGCGGAATGC GACGCTACAG SCGACGGCGT GCTATCCGCA AGCAATTGCG 
17221 GGGTGGTTTT TTACCAGCCT TAATTCCAAT TATCGCTGCT GCAATTGGCG CGATACCAG6 CATAGCTTCC 
17291 GTGCCGGTTC AGGCCTCGCA ACGACATTGA CATTG9AAAA AAAACGTATA AATAAAAAAA AATACAATGG 
17361 ACTCTGACAC TCCTGGTCCT GTGACTATQT TJTCTTAGAG ATGGAAGACA TCAATTTTTC ATCCTTCQCT 
17431 CCCCCACACG GCACGAACCC GTACATGGGC ACCTGGAGCG ACATCGGCAC GAGCCAACTG AACGGG6GCG 
17S01 CCTTCAATTG GAGCAGTATC TGGAGCGGGC TTAAAAATTT TGGCTCAACC ATAAAAACAT ACGGGAACAA 
17571 AGCTTGGAAC AGCAGTACAG GACAGGCGCT TAGMATAAA CTTAAAGACC AGAACTTCCA ACAAAAAGTA 
17641 GTCGATGGGA TAGCTTCCGS CATCAATGGA GTGGTAGATT TGGCTAACCA GGCTGTGCAG AAAAAGATAA 
17711 ACAGTCGTTT GGACCCGCCG CCAGCAACCC CAGGTGAAAT GCAAGTGGAG GAAGAAATTC CTCCGCCAGA 
17751 AAAACGAGGC SACAA6CGTC CGCGTCCCGA TTTGGAAGAG ACGCTGGTGA CGCGCGTAEA TGAACCGCCT 
17851 TCTTATGAGG AAGCAACGAA GCTTGGAATG CCCACCACTA GACCGATAGC CCCAATGQCC ACCGGGGTGA 
17921 TGAAACCTTC TCAGTTGCAT CGACCC6TCA CCTTGGATTT GCCCCC7CCC CCTGCTGC7A CTGCTGTACC 
17991 CGCTTCTAAG CCTGTCGCTG CCCCGAAACC AGTCGCCGTA GCCAGGTCAC QTCCCGGGGG CGCTCCTCGT 
18061 CCAAATGCGC ACTGGCAAAA TACTCTGAAC AGCATCGTGE GTCTAGGCQT GCAAAGT6TA AAACSCCGTC 
18131 GCTGCTTTTA ATTAAATATG CACTAGCGCT TAACTTGCCT ATCTGTGTAT ATGTGTCATT ACACGCCGTC 
18201 ACAGC^GCAG AGGAAAAAA6 GAAGAQGTCG TGCG7CGACG CTGAGTTACT TTCAAQATGG CCACCCCATC 
18271 GATGCTGCCC CAATGGGCAT ACATGCACAT CGCCGGACAG GA7GCTTCGG AGTACCTGAG TCCGGGTcTG 
18341 GTGCAGTTCG CCCGCGCCAC AGACACCTAC TTCAATCTGG GAAATAAGTT TAGAAATCCC ACCGTAGCGC 
18411 CGACCCACGA TGTGACCACC GACCQTAGCC AGCGGCTCAT GTTGCGCTTC GTGCCCGTTG ACCGGGAGGA 
C ^I* CATAC TCTTACAAAG TGCQGTACAC CCTGGCCGTG GGCGACAACA GAGTSCTGQA TATGGCCAGC 
Iff AC 5IH TTC ACATTAGGSG CGTGTTCGAC AGAGGTCCCA GTTTCAAACC CTATTCTGGT ACQ6CTTACA 

22! ISI^ffS gctccaaatg catctcaatg gattgcaaaa ggcgtaccaa ctgcagcagc 

18691 CGCAGGCAAT GCTGAAGAAG AACATGAAAC ACAGCAGAAA ACTGCTACTT ACACTTTTGC CAATGrTrrr 

,18761 GTAAAAGCCG AGGCTCAAAT TACAAAAGAG GGCTTACCAA TAGGTTTGGA GATTTCAGCT SKIJSaS 

18831 CTAAACCCAT CTATGCAGAT AAACTTTATC AGCCAGAACC TCAAGTGGGA GaIgAaACTT SKJtSJcT 

18901 AGACG6AAAA ACCGAASAGT ATQGAGGCAG GGCTCTAAAG CCTACTACTA ACATSAAACC CTGTTACrrr 

I5SL 1 T^I fiC ? A agcctactaa tttaaaaggt ggtcaggcaa aaccgIaaIa sSSKg tSmtSSS 

1?? ^ZI5S4Ii AT6GAATTTT TTGATAACTC ATCGCAAAGA ACAAACTTCA GTCCTAAAAT 

9111 TGTCATSTAT GCAGAAAATG TAGGTTTGGA AACGCCAGAC ACTCATGTAG TGTACAAACC TGGAACAfifil 

19181 GACACAAGTT CCGAAGCTAA TTTGGGACAA CAGTCTATGC CCAACAGACC CAACTATATT ftftrTTrtn?2 

19251 ATAACTTTAT TGGACTCATG TACTATAACA GTACTGGTAA CATGGGGGTG CtJSSb5 S£bt£?S 

19321 GTTAAATGCA GTGGTTSACT TGCAGGACAG AAACACAGAA CTTTCTTACC AACTCTTGCT TGACTCTrrr 

19391 GGCGACAGAA CCABATACTT TAUCATGTGG AATCAGGCTC TGGACAGTTA TGATCCTGaI STAcI^tJa 
TT6AAAATCA TGGTGTGGAA GATGAACTTC CCAACTATTG TTTTCCACTG GACGGCATAS eT^rllr 

19531 AACCAGTTAC AAATCAATAG TTCCAAATGG AGAAGATAAT AATAATTGGA AAGAACCTGA 

lS?1 1 ?CCTT^AT?C CAATGTGCCT ^ll^lVr F™™** frAACCT«J E£iJ5?J 

l^llT^l CAATGTGGCT CTQTATCTCC CAGACTCGTA CAAATACACC CCGTCCAATS TCACTCTTCC 
al? ??2£5SS5 A AACACCTACG ACTACATGAA CGGGCGGGTG 6TGCCGCCAT CT CTAGTAGA CACCTATGTG 
19311 AACATTGQTG CCAGGTGGTC TCTQGATGCC ATGGACAATG TCAACCCATT CAAr?Ar?A? ^ ? 
19881 SCTTGCGTTA CCGATCTATG CTTCTGGGTA ACGGACGTTA TBTfiCCTm CACA?ACAA§ ?2?rr?2S! 
pSSS! ??35UfSSI ^ T J AAAACC T ^CTGCTTCT CCCAGSCric TACACTTATG JStSKaCTT TaSmaSSSt 
20021 GTGAACATGG TTCTACAGAG TTCCCTCGGT AACGACCTGC CGGTAEATrr- rrrrnrrA^ Ii22£i SB T 
20091 GCATCAACCT CTATGCTACT TTTTTCCCCA TGGCTCACAA SSSSSfg SSttSSS SSSSSSt 
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20181 
20231 
20301 
20371 
2044 1 
20511 
2058.1 
20651 
20721 
207S1 
20881 
20931 
21001 
21071 
21141 
21211 
21281 
21351 
21421 
21491 

2ieei 

21631 
21701 
2T771 
21B41 
21911 
21981 
22051 
22121 
22191 
22261 
22331 
22401 
22471 
22541 
22611 
22681 
22751 
22821 
22891 
£2961 
23031 
23101 
2317T 
23241 
23311 
23381 
23451 
23521 
235S1 
23661 
23731 
23801 
23371 
23941 
24011 
24081 
24151 



GAATGACACC 
AATGCAACCA 
SACTGAAAAC 
TCCCTACCTG 
G7GAGCTGGC 
AAGBCTACAA 
CATCGGCTAT 
CAGCCCATQA 
AACACAACAA 
CTATCCCTAT 
ACCATGTGGC 
TGCTCTATGC 
GCTTTATCTT 
GTCTACCTGC 
CAGC7GCAAC 
CC7GGGTTGC 
CTCQCCTGTG 
ACCCACGTTC 
CCAGTTTGAA 
AAATCTACCC 
CCTTTGTGCA 
CAACATGCTT 
AATACCCATT 
ATGTTCAATA 
CTCTGGATTA 
TACGTTGCGG 
GGCAGGATGT 
AATCACAATT 
CAGCGACQGA 
TTGGCAA7GC 
TGCAATCGCA 
CATGAAAGCA 
CTGCTCGAAA 
GCACCACACT 
TCCGTTCTCG 
TTCAGCTTGC 
GGGCGA7CTG 
ACTAGTGAAA 
TCGTGTTGCT 
GACACATCAC 
GGCAQOAQCT 
ACGATGCGCA 
CTTGACTGAT 
AGGACTGTCG 
GTAQAAGAAC 
GGCTGCGGTC 
GCGGTCSCTT 
AAACTCAGCC 
BCAGAGCTTA 
TCTCATGACA 
CACCG6TGGA 
AGCAGATAAC 
GAAGACGCGC 
AAGTGCCCAT 
CAAACGTCAG 
GAAGTACTGG 
CCCGCGCCGA 
TCCAAAGATC 



AATGATCAGT 
ATATTCCCAT 
CAAASAAAC7 
GATGGTACC7 
CTG6AAATGA 
CGTAGCCCAA 
CAGGGCTTCT 
GCABGCAGG7 
CTCTGGCTTT 
CCACTCATTG 
GCATACCGTT 
CAACTCACCT 
CTCTTCGAAG 
G7ACACCG7T 
CATGGCCTGC 
GGACCCTATT 
CCATTGTAAA 
TAACACCT6C 
TATGAGGGTC 
AGACCGTGCA 
CTGGCCTGAC 
CATTCTCCTA 
CGCCTTATTT 
ATGACTCATG 
CTTATTTATT 
AACTGATACT 
CACTCCACAG 
AGGACCAGT6 
TGTCTCACGC 
TGAACGGGGT 
BTGCAGGGGG 
TCATATTGCT 
ACTGGTTAGC 
TCTGCCCCAG 
C7GGCCACAT 
CC TCATAATC 
AGAAAAAGAA 
GTTAACTGGA 
CAGGCATTAG 
TTCCATGCCT 
CCTTTAGCCA 
CGGGCGGGTA 
GTCTTGCATG 
CTCCGTTCCG 
CTGACCCCAC 
CGACCTGGAA 
AACTGATTTC 
AT7GCTGTCA 
AGCATTCCAC 
TGCAGAATAA 
ACACGAGGAA 
TATCACCAAG 
TCCTTAAACA 
CACTG7GGAA 
CCAAACGGCA 
CTACCTATCA 
TGCCCTACTC 
TTCGAGGGTC 



CATTCAACGA 
TTCCATTCCT 
CCCTCTTT6G 
TCTACCTGAA 
CAGGTTACTA 
TGCAACATGA 
ACATTCCA5A 
GGTTGATCAC 
G7GGG77ACA 
GAACAACTGC 
CTCGAGCAAC 
CATGCTCTGG 
TTTTCGACGt 
C7CGGCCGGT 
GGA7CCCAAA 
TT7TGGGAAC 
TACGGCCGGA 
TACCTTTTTG 
TCCTGCGCC6 
GGGCCCCCGT 
CGTCCCATGG 
AAGTCCAGCC 
TCBCTCTCAT 
TAAACAACGT 
TACAAG7CGA 
TGGGTTGCCA 
CTTTCTGGTC 
CTCTGAGCGC 
77GCCAGCAC 
CATCTTGCAG 
ATCAG7ATCA 
TGAAAGCCTG 
7GCACAGCCG 
CGC7TTTGGG 
CCATCTCSAT 
ATTGCAGCCA 
TGTATCATTC 
TGCCTCGG7G 
TTTAAAACAG 
TTC7CCCAAG 
GAGG37CATC 
GCTGAAACCC 
GGSATATGTT 
GAGACAGGGA 
ACGGCGACAG 
GGCGGATGAC 
CTTCGCGGCT 
ACATCGCCAC 
CGCCCAGTCC 
AAAAGCGAAA 
GAGTTGAAAC 
A7GCTQGAAA 
TCTAGCAAGA 
GAGCTCAGCT 
CCTGCQAGCC 
CATCTTTTTT 
AATC7GGGAC 
TCGGCAATAA 



CTACCTATCT 
7C7CGCAACT 
GGTCTGGATT 
CCACACTT7T 
TCTCCTAACG 
CCAAAQACTG 
AGGATACAAA 
CTCAAT7ACA 
TGGCTCCGAC 
CGTAAATAG7 
7TCATGTC7A 
ACA7GACCT7 
GGTCAGAS7G 
AACGCTACCA 
ACGGC7CCAG 
C7ACGATAAG 
CGTGAGACGG 
ATCC7TTTGG 
CAGCGCTCTT 
7CTGCCGCCT 
ACSGAAACCC 
CACCCTGTG7 
CBTACACACA 
GTTCAATAAA 
AT$GGT7CTG 
CTTCAATTCG 
AGC7GCAAAG 
GAGAGTTGCG 
GGTQQGATCT 
GTCTGCCTAC 
TC7TG5CCTG 
CTGGGCTTTA 
GCATCAT7CA 
TGA71TTGGT 
AATCTGCTCC 
TGAGGCCACA 
CCTGCAGAAA 
CTCTTCGTTT 
GTTC7AAGTT 
CAGACACCAG 
TTTABC6ATC 
ACT6CTACAA 
TGGTC77CCT 
GGA7TGTGAC 
G7G7TT7TC7 
T6GCAGAACC 
GGCCA77GTG 
GAGTGCCATC 
TGCCACCACC 
GAGTC7GAGA 
GCT7TC7AGA 
7AGGGATCAG 
CAGTCSCTCA 
GCGCCTACGA 
AAATCCTCGC 
AAAAATCAAA 
C7SG77CACG 
TGAGACTCGG 



SCAGCTAACA 7GCTCTACCC 
GGGCGGCTTT CAGAGGCTGG 
TGACCCCTAC 7TTGTCTATT 
AAGAAGG7TT CCATCATGTT 
AATTTBAAAT AAAGCGCAC7 
GTTCTTGGTA CAGATGCTCG 
GATC6CA7GT AT7CATTT77 
AAGACTTCAA GGCCGTCGCC 
CA7GCGCCAA GGTCAACCCT 
G7TACGCAGA AAAAG7TC77 
TGGGGGCCCT TACAGAC7TG 
TGAGGTGGA7 CCCATGGATG 
CA7CAGCCAC ACCGCGGCAT 
CGTAAGAAGC 7TCT7GCTTC 
CGAGCAAGAG C7CAGAGCCA 
CGCT7CCCGG GGT7CA7GGC 
GGGGAGAGCA CTGG77GGC7 
ATTCTCGGAT 6A7CG7C7CA 
GCTftCCAAGG ACCGC7G7AT 
GCGGACTT7T CTGCTGCA7G 
CACCATGAAA T7GCTAAC7G 
GACAA7CAAA AAGCAC7C7A 
TCGAAAGGGC CACTGCGTTC 
CA7CACTTTA TTTTT7TACA 
ACGAGAA7CA GAATGACCCG 
GGAA7CACCA AC7TGGGAAC 
CTCCAAGCAG G7CAGGAGCC 
GTACACCGGA TTGCAGCACT 
GCAA7CA7GC CCACATCCAG 
CCATGGCSGG CACCCAAT7A 
ATCCTGTCTG ATTCCTSGAT 
CTACCCTCGG TATAAAACAT 
CACAGCAGCG GGCGTCA7TG 
7CGCTCGGGA TTC7CC77TA 
TTCTGAA7CA TAATATTGCC 
ACGCACAGCC 7G7ACA77CC 
TCTTCCCATC ATCGTSCTCA 
ACG7ACTGGT GACAGATGCG 
CG77ATCCAG CC7GTAC7TC 
GGGCAAGCTA ATCGGA77C7 
TTC7GAATGC TTCTTTTGCC 
GTTGCGCCTC T7CTCTTTC7 
7GGC77C7T7 7TGGGGSG7A 
GTTTCGC7CA CCA7TACCAA 
7CGGGGGCAG AGGTGGAGGC 
CCTTCCGCG7 TCGGGGG7G7 
TTCTCCTAGG CAGAGAAACA 
ACATCTCGTC CTCAGCGACG 
TCTACCCTAG AAGATAAGGA 
CAGACATCGA GCAAGACCCG 
6AGAGAGGA7 GAAAAC7GCC 
AACACCGAC7 ACCTCATAGG 
7AGTCAAGGA TGCATTA77G 
GC7TAACCTT T7TTCA:C7C 
TTAAACTTTT ATCCAGCTT7 
AAATTCCAGT C7CCTGCCGC 
CTTACCTGAr A7AGC77CCT 
GCCGCAAATG CTCTGCAAAA 



CATTCCTGCC 
7 C ATT TAG C A 
CTGG77CTAT 
TGAC7CTTCA 
G7GGA7GGCG 
CCAAC7ACAA 
CAGAAACTTC 
A7ACCCTACC 
A7CCCGCTAA 
G7G7GACAGA 
GGACAGAA7A 
AGCCCACCCT 
CA7CGA6GCA 
TTGCAAATAB 

TTG7CCAAGA 
CCCCGATAAG 
77CGG77GGA 
AACAGAT77A 
7ACGCTGGAA 
TTCCTTCACG 
GAQTQCCAAA 
CCATT7TCTT 
GACCGTATGG 
TG7ATCAAGG 
CAG5CAGTGA 
CG6TATA7CG 
GAAATCT7GA 
SAAACACCAT 
A7C77CAGCA 
GGCT7GTGGT 
ACACGGCTCT 
CCCGCAGGAC 
TTGGCTATT7 
ASGCTCGT7G 
ATGCAGGCAC 
CAATTA7GGT 
GTGTCTTG7G 
CTTGTATTST 
TCCATCASCA 
TAACAGTGCA 
ATCCT7C7CA 
TCTTCGC7G7 
TCGGAGGAGG 
CTGACTGTCG 
GA77GC6AAG 
GC7CCCTGTG 
ACAGACATGG 
ACCAAAACGA 
GGTCGACGCA 
GGC7A7G7GA 
CAAAACAGCG 
GCT TGACGGG 
GACAGAAC7G 
QTACTCCCCC 
TGCTG7QCCA 
GCTAATCGCA 
7GGAAGAGG7 
GG6AGAAAA7 
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24221 
24291 
24361 
24431 
24501 
24571 
24841 
24711 
247S1 
24561 
24921 
24991 
25061 
25131 
25201 
25271 
26341 
25411 
25481 
25551 
25621 
25691 
2S761 
2583 T 
25901 
25971 
2504 1 
2Q11 1 
26181 
26251 
26321 
26391 
2645 T 
26531 
26601 
26671 
26741 
26811 
26881 
26951 
27021 
27091 
27161 
27231 
27301 
27371 
27441 
27511 
27581 
2765 1 
27721 
27791 
2786 1 
27931 
28001 
28071 
28141 
2821 1 



GGCATGGA7G 
GAAGCGTCGA 
GGACCA6TTA 
GG7AAACCAG 
AGCGTCGCAA 
CGATTCAGAA 
GCATGCAAGA 
TAGGACAAAG 
TCTCTACCTG 
AAA5A6CTTG 
CTTCCGACCT 
TATGAGCCAG 
TGCTGCQCAC 
GCTACCTGTT 
CTTGCTGGAG 
ATGAGCGAAA 
CTGGGCAAAG 
TTACCACCCC 
GTCATCACCC 
AAAAGGGTAA 
CCCAACGACG 
CAG7CAGGCA 
AACCAGGAG9 
ACAGCGCTAC 
ACCCTTCCCQ 
GGGCATAAGA 
TGCTATTCCA 
CTATAGCCAG 
ACCGGCAQTT 
CAAACCCGAG 
AGCAGGAACT 
AGATCAACTT 
GAGTAGGCAQ 
CCCACGCCTT 
CCCGCATGAA 
CCAAATACTT 
6CCGCCCTAG 
TCCAAATGAC 
TATAAAACGC 
CTACGACCAG 
TGACTTTGGA 

TACTCCCTCT 
TTCGACGCGA 
GCGACA7CTA 
CTCCCCAAGG 
GCCTGCAACG 
CTACTSCATT 
AACTGAATTA 
TTTCCTGTCG 
GC777TCCAG 
AGAAAACCCT 
TGCTACCTAT 
ACTAGTC7TG 
GACCCABAAA 
GATQGQAAT3 
GGAGCCAGQA 
AACACTTTCA 
CTAGCAAGGA 



AGCATCACAG 
GGTCACACAC 
CtCATTAAGC 
TGGTCAGTGA 
GCTTATGATG 
ACCTTGCGCA 
TATCTAACGT 
CG7GC7GCAC 
TGCCACACGT 
ACAAGCTCTT 
GGCAGACCTC 
AGCAtGCTTA 
TGCCCTCCGA 
CCG7C7G5CC 
TGCCACTGCC 
CCCAGATAAT 
TTTAAAACTG 
TATGAAATCA 
AGGGGGCAAT 
GGGGGTCTAC 
AGAAAACAAG 
GAGGAGGCGG 
CAGAGGAGGT 
CATCTCCGCT 
AACCCAACCA 
ATGCCATCAT 
CCATGGGGTG 
CAAATCCCGA 
AGAAAATACA 
AGTTAAGAAA 
GAAAATAAAA 
CASCGCACTC 
CGACCGCGCT 
ACATGTGGAG 
TTGGCTCAGC 
TTGGAACAGT 
TGTACCAGGA 
TAATGCAGGT 
CTGATGATCA 
ACGGAATCTT 
AAGTTCGTCT 
GTCTACTTCA 
TTAGCGA6TC 
GAtCACTGCC 
ATCACCCTCA 
AATTTTCTCC 
TG7AATCACC 
AGACTCTCCT 
TCCA8GACTC 
AAGCATTTTC 
TGGGTGGAAG 
ACACACCTTG 
CTTGTTTTAC 
ACT6CACACT 
CAGGTCCGTT 
GT7CCCGAGT 
TTTTTTCTGA 
CAACATCGTA 



CGTTCTGGTG 
TTCGCAfATC 
GC GCAAGTCC 
TGAGCAGCTA 
GCCGTGGTGC 
AACTCGAAGA 
GGAACTCACC 
AGCACCCTTA 
GGCAAACCGG 
ACAGAAATCT 
ATCTTCCCAG 
ACAATTTTCG 
CTTTGTGCCT 
AACTATCTCT 
GCTGCAATCT 
AGGCACCTTT 
ACCCCGGGAC 

AGTTCTATGA 
TCT6GCCCAA 
CTTGACCCCC 
AAGTTGAAGG 
AGGAGGACAG 
G9AAGAAQTA 
CCGAGTCGAG 
GCGCTTCCAA 
.CTCCTGCTTG 
AACTTTCCGC 
CAGTCTCGAC 
CAACAAGTGC 
TCGGATCTTT 
AACCGATCTC 
TCGAGGACGC 
TATTCAAAAA 
TTA7CAACCC 
GCCGGGCCTT 
CAGCTCTTAC 
AAGTCCCGCT 
GCGCAGTTAG 
GAGGCCGAGG 
TCACATTGCC 
TCGCAACCCC 

ACCCCTTCTC 
AGTGGACGGC 
GCCGCTTTCG 
AGGTCCGSCC 
CAGCGGCCCG 
CCGGA7T9CA 
ACGGACTGCC 
TGTTAACTTC 
CCTACTAATA 
CGGGCCTTGT 
CTTCACTTTC 
TTTCGCTTTT 
TACtTTTGCA 
GAAATTACAC 
GGTACACTGT 
AATGTGCGAT 
ACGTTCTCCA 



5AATTGGAAG 
CCGCTGTCAA 
CCTTTCAGAA 
ACCCGATGGC 
TGGTTACCGT 
GAATCTGCAC 
AACCTGGTTT 
AGGGGGAAGC 
CATG&GTGTA 
CTTAAGSTTC 
AGCGTCTCAG 
CTCTTTCATC 
CTCACCTACC 
CCTACCACTC 
GTGCACGCCC 
GAATTGCAAG 
TGTGGACCTC 
CGACCAATCA 
TTGCAAGCCTA 
AGACCGGCGA 
TGCAGCCGCC 
TCTGGAG3AC 
ACCGCCGACA 
GAACCCGGCG 
GAGCGGTAAG 
CATGAGTGCG 
GCAATGTTTT 
AGATAAAGAC 
AGCAACAGGA 
CCAACCCTGT 
TGCGTTCGCT 
CGAGGCTCTC 
AGGCGGGAAT 
CAAA7GGGAT 
CTATGATTTC 
CACCACGCCC 
CCCACCACTG 
CTGGCGGCTC 
TATCCAGCTC 
GSCTGCGGGA 
QCTCQQGCGQ 
CGGATCTCCT 
TACGATTGAT 
CTGCTTTGCC 
CACGGAGTGC 
TGCTGATCGA 
TGAAAGCCTT 
GCTTCTTCAA 
ACCTTTCCTA 
CTACTTTCAA 
AGTACTAGGA 
CTAGTGGTGT 
GGAACC6GGT 
CCCGACACAA 
ACAATAACAA 
CTCTGTCCGA 
CTGGCCATGT 
TTGCTTATTG 



GCGATAATGC 
CCTQCCCCCT 
GACAT15CATG 
TGGGCACCGA 
AGAACTAGAG 
TACACTTT7A 
CCTACATGGG 
CCGCCGTCAr 
TGGCAGCAAT 
TGTGGACAGG 
GGTTACTTTQ 
CTGGAACGCT 
6CGAGTGCCC 
GGATGTGATC 
CACCGSTCCC 
GCCCCAGCAG 
CGCCTACTTG 
CAGCCTCCAA 
TCCAAAAATC 
GGAACTCAAC 
GCCCCCAGAA 
AGTCTGGAGG 
AACAOTTATC 
GCGTCCCAGC 
AASSATCGGC 
GGGGCAACAT 
GCATTACTAC 
AGCSGCGGCG 
GGATTAAAGA 
ATGCCATCTT 
CACCAGAAGT 
TTCAACAACT 
TACATCATCC 
TGGCAGCAGG 
TCGAGTTAAT 
CGCCAACACC 
TATTACTTCC 
CACCCTATGT 
AACGACGAGT 
GATCTTCCTT 
AATCGGGACC 
GGGCACTACC 

gtctgqtgac 
cgggaactta 
ggattactat 
gcgagaccag 
tgctgtctta 
cccggatttt 
ctcacaaact 
aaccggaggt 
attcttgcgg 
tgtggtattg 
tctgccaatt 
gccgcatctg 
aacctggaac 

GGTCCtGACG 
TCATGAGCAA 
CTTGTGCGCT 



CAGACTCGCA 
AAAGTCA7GA 
ACCCAGATGC 
CTCTCCCCGG 
TGTCTCCGAC 
GACACGGCTT 
TATTCTGCAT 
TACATCCGCG 
GTTTAGAAGA 
GTTCGACGAG 
CGAAACGGAT 
CCGGTATCCT 
CCCGCCGCTA 
GAGGATGTGA 
TAGCTTGCAA 
CCAAGGCGAT 
CGCAAGTTTG 
AGGCCGAACT 
CCGCCAAGAA 
ACAAGGTTCC 
GATATGGAGG 
AABACAGTTT 

CTceecTscs 

AGTAGATGGG 
A6GGATACAA 
ATCCTTCACG 
CGTCACCTCC 
ACCTCCAACA 
TTACAGCCAA 
XCAGCAGAGT 
TGTTTGTATC 
ACTGCGCGCT 
TCGACATGAG 
CGCCTCCCAG 
GA7ATACGCG 
7TAA7CCCAG 
7CGAGACGCC 
CGTCACAGGC 
CG5TGAGCTC 
CACCCCTCGT 
QTTCAATTTG 
CGGACGAG7T 
GCGGC7GAGC 
77 GAG T 7 CAT 
CGAAGGCAAA 
GGAAACACCA 
7GTGTACTGA 
ACAACCAGAA 
AGAAGCTCAA 
GAGCTCCACG 
GT68SC7TGT 
GTTTAAAAAA 
ACGATCCATG 
TGGAGT7CTT 
AATACCT7AT 
GTTCCATCCG 
ACAOTA77CT 
TGCCTTC7TA 



GTACTCAAGC 
CGGCCGTCA7 
CTGTGATGAG 
GATT7GGAAC 
GTTTC7T7AC 
TGTGCGGCAG 
GAGAA7CGCC 
A77G7GTCTA 
ACAGAAC77G 
CGCACCGTCG 
TGCC7GAC7T 
GCCCCCCACC 
TGGAGTCACT 
GCGGAGACCC 
CCCCCAGT7G 
GGGTC7TC7C 
C7CCGGAAGA 
77COGC77GC 
777CTACTGA 
C7CAGGATGT 
AAGA77GGGA 
GGAGGAGGAA 
GAGACAAGCA 
ACCACACCGC 
G7CCTGGCGG 
CGGCGCTACT 
ACAGCCCC7A 
GAAAACCAGC 
CGACCCAGCG 
CGGGSTCAAG 
ACAAGAGCGA 
GACtCTTAAA 
TAAAGAAA7T 
GAC7AC7CCA 
CCTACCGAAA 
AAATTGGCCC 
CAGGCCGAAG 
C TCCCC ATAA 
7CCGCT7GGT 
CAGGCTG77C 
7AGAGGAG7T 
CA7ACCGAAC 
7ATCTCGGCT 
CTACTTCGAA 
ATAGACTCTC 
CGGTTTCCAT 
GTTTAATAAA 
SAACAAAACT 
CGACTACACC 
G7C7CCCTAC 
GATTAT7CTT 
TSGGGCCCAT 
TCTAGACTTT 
ATTAAG7GCG 
CCACCACA7G 
CATTAGTAAC 
CTATGGCCTC 
CTGCTTTAC7 
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28281 GTGCG7ATGC ATACACCTGC 7TG7AACCAC T£SCA7CAAA AACGC-CAA7A ACAAABAAAA AA7GCCTTAA 
28351 CCTCTTTCTG TTTACAGACA TGGCTTCTCT TACATCTCTC ATATTTSTCA GCA77G7CAC TGCCGCTCAC 
28421 GGACAAACAG 7CQ7C7CTAT CCCAC7AGGA CATAATTACA CTCTCATAGG ACCCCCAATC AC77CAGAGG 
2B491 TCATCTGSAC CAAAC7GGGA AGCG77GA77 ACT77GATA7 AA7C7G7AAC AAAACAAAAC CAATAATAGT 
28561 AAC77GCAAC ATACAAAATC TTACATTGAT 7AA7G77AGC AAAGTTTACA GCGGTTACTA TTATGGTTAT 
28631 GACASATACA G7A<3TCAA7A TAGAAATTAC T7GG7TCG7G TTACCCAGTT GAAAACCACG AAAATGCCAA 
28701 ATATSGCAAA GATTCGATCC GA7GACAA77 CTCTAGAAAC TTTTACATCT CCCACCACAC CCGACGAAAA 
28771 AAACATCCCA GAT7CAATGA TTGCAA77GT TGCAGCGGTG GCAGTGGTGA TGGCACTAAT AATAATATGC 
28841 ATGCTTTTAT ATGCTTGTCG CTACAAAAAG TTTCATCCTA AAAAACAAGA TCTCCTACTA AGGCTTAACA 
28911 TTTAATTTCT TTTTATACAG CCA7GG777C CACTACCACA TTCCTTATGC TTACTAGTCT CGCAAC7C76 
26981 ACTTCTGCTC GCTCACACCT CACTGTAACT ATAGGCTCAA ACTGCACACT AAAAGGACC7 CAAGGTGGTC 
29051 ATGTCTTTTG GTGGAGAATA TATGACAATG GATGGTTTAC AAAACCATGT GACCAACCTS GTAGATTTTT 
29121 CTGCAACGGC AQAGACC7AA CCATTATCAA CGTGACAGCA AA7GACAAAG GCTTCTATTA TGGAACCGAC 
29191 7A7AAAAG7A GTTTAGATTA TAACATTATT GTACTGCCAT CTACCACTCC AGCACCCCGC ACAACTACTT 
29261 7C7C7AGCAG CAGTGTCGCT AACAATACAA TTTCCAATCC AACCTTTGCC GCGC77T7AA AACGCACTGT 
29331 GAATAATTCT ACAACTTCAC ATACAACAAT TTCCACTTCA ACAATCAGCA TCATCGCTGC AGTGACAATT 
29401 GGAA7A7C7A rTCTTGTTTT TACCATAACC TACTACGCCT GCTQCTATAG AAAASACAAA CATAAAGGTG 
29471 ATCCATTACT TAGATTTGAT ATTTAATTTG TTCTTTTTTT TTATTTACAS TATGGTGAAC ACCAATCATG 
23541 STACCTAGAA ATTTCTTCTT CACCATACTC ATCTGTGCTT TTAATGTTTG CGCTACTTTC ACAGCAGTAG 
29811 CCACAGCAAC CCCAGACTGT A7AGGAECAT 77GC77CCTA TGCACTTTTT GCTTTTGTTA CTTGCATCTG 
29681 CGTATGTAGC ATAGTCTGCC TGBTTATTAA T77777CCAA CTTCTAGACT GGATCCTTGT GCGAATTGCC 
29751 TACC7GCGCC ACCATCCCGA A7ACCGCAAC CAAAATATCG CGGCACTTCT TAGACTCATC TAAAACCATG 
29321 CAGGCTATAC TACCAATATT TTTGCTTCTA TTGCT7CCCT ACGCTGTCTC AACCCCAGCT GCCTATAGTA 
29891 CTCCACCAGA ACACCT7AGA AAATGCAAAT TCCAACAACC GTGGTCATTT CT75CTTGCT AT CGAGAAAA 
29961 ATCAGAAATC CCCCCAAATT TAATAATGAT TGCTGGAATA ATTAATA7AA TCTGTTGCAC CATAATTTCA 
30031 TTTTTGATAT ACCCCCTATT TGATTTTGGC TGGAATGC TC CCAATGCACA TGATCATCCA CAA0ACCCAG 
30101 AQGAACACAT TCCCCCACAA AACATGCAAC A7CCAA7AGC GCTAA7AGAT TACGAAAGTG AACCACAACC 
30171 CCCACTACTC CCTGCTATTA BT7ACT7CAA CCTAACCGGC GGAGATGACT GAAACACTCA CCACCTCCAA 
302a 1 TTCCeCCGAG GATCTGCTCG ATA7GGACGG CCGCGTCTCA GAACAACSAC TTGCCCAACT ACGCATCCGC 
30311 CAGCAGCAGG AACiSCQTGGC CAAAGAGC7C AGAGA7G7CA TCCAAATTCA CCAATGCAAA AAAGGCATA7 
30381 7C7G77TGGT AAAACAAGCC AAGA7A7CC7 ACGAGA7CAC CGC7AC7GAC CATCBCC7C7 C7TACGAAC7 
304.51 7CCCCCCCAA CGACAAAAAT TTACC7GCAT GG7GGGAA7C AACCCCATAG 77A7CACCCA ACAAAG7GGA 
30521 GA7AC7AAGG GT7GCA7TCA C7GCrCC7GC GAT7CCATCS AGTGCACC7A 'CACCC7GCTG AAGACCC7AT 
30591 GCGGCC7AAG AGACCTGC7A CCAATGAATT AAAAAAAAAT GATTAATAAA AAA7CACTTA C77SAAATCA 
30661 GCAA7AAGG7 CTCTG77GAA ATTT7C7CCC AGCAGCACC7 CAC77CCCTC 77CCCAACTC 7GG7A77CTA 
30731 AACCCCS7TC AGCGGCA7AC 777C7CCA7A C7TTAAAGGS GA7G7CAAA7 777AGCTCC7 C7CC7GTACC 
30801 CACAA7C7TC ATG7CT77C7 7CCCAGA7GA CCAAQAGAGT CCGGCTCAG7 GAC7CC7TCA ACCC7G7C7A 
30871 CCCCTATBAA 6A7GAAAGCA CC7CCCAACA CCCC77TA7A AACCCAGGG7 7TA7T7CCCC AAA7GGCTTC 
30941 ACACAAAGCC CAGACG6AG7 TCT7ACT77A AAA7G7T7AA CCCCACTAAC AACCACAGGC GGATC7C7AC 
31011 AGC7AAAAG7 GGGAGGGGGA CTTACAG7GG__AT6ACACTGA 7GGTACCTTA CAAGAAAACA TA CG7GCTAC 
31061 AGCACCCA77 AC7AAAAA7A A7CAC7C7G"TaGAAC7A7CC AT7GGAAATG GAT7AGAAAC 7CAAAACAA7 
31151 AAACTA7G7G CCAAATTGGG AAATGGG7TA AAA77TAACA ACGG7GACA7 77G7ATAAAG GA7AGTA77A 
31221 ACACC77A7G GACTGGAA7A AACCC7CCAC C7AAC7Q7CA AAT7G7SGAA AACAC7AATA CAAATGA7GG 
31291 CAAAC77AC7 7TAG7A77AG TAAAAAATGG AGGGC77G7T AA7GGCTACG TG7CTCTAG7 7GGTS7A7CA 
31361 GACAC7G7GA ACCAAA7G77 CACACAAAAG ACAGCAAACA 7CCAA77AAG A77A7A77T7 GACTCTTC7G 
31431 GAAATC7A77 AAC7GAGGAA TCAGAC77AA AAAT7CCACT 7AAAAATAAA 7CTTC7ACAG CGACCAG7GA 
31501 AAC7G7AGCC AGCAGCAAAG CC777A7GCC AAG7ACTACA GCTTA7CCC7 7CAACACCAC 7AC7AGGGA7 
31671 AG7GAAAAC7 ACA77CA7GG AATA7G77AC 7ACA7GAC7A GT7A7GA7AG AAG7C7AT77 CCC7TGAACA 
31641 777C7A7AA7 GCTAAACAGC CG7ATGATTT C77CCAATG7 7GCC7A7GCC A7ACAA777G AA7GGAA7C7 
31711 AAATGCAAG7 GAATC7CCAG AAAGCAACA7 AGCTACGC7G ACCACA7CCC CCT77T7C7T T7C77ACAT7 
31781 ACAGAAGACG ACAACTAAAA 7AAAG777AA GTG77777A7 77AAAA7CAC AAAATTCGAG TAGT7A7T77 
31851 GCC7CCACCT 7CCCATT7GA CAGAA7ACAC CAA7C7CTCC CCACGCACAS C777AAACA7 77GGATACCA 
31921 77AGAGA7AG ACA77G777T AGA77CCACA 7TCCAAACAG T77CAGAGCG AGCCAA7C7G GGG7CAGTGA 
3199 t 7AGA7AAAAA 7CCA7CGCQA TAG7CT77TA AAGCGCTTTC ACAGTCCAAC TGC7GCGGAT GCGAC7CCGG 
32061 A6TT7SGATC ACGG7CATCV GGAAGAAGAA CGA7GGGAAT CA7AATCCGA AAACOS7ATC 6GACGA7TS7 
G TCTCA7CAA ACCCACAAGC AGCCGC7Q7C TGCC7CGCTC CG7fiCfiAC7G CTS777ATGG GA7CAGGGTC 
IS^S CA £?5in^5 TGAAGCA7GA 7777AATAGC CCT7AACATC AAC7TTCTGG 7GCGA7GCGC GCACCAACSC 
32271 A77C7GA777 CAC7CAAATC TT7GCAGTAG G7ACAACACA 7TATTACAAT A77GT77AA7 AAACCA7AA7 



WO 02/40665 



13/47 



PCT/NL01/00824 



32341 
32411 
324S1 
32551 
32621 
32691 
32761 
32S31 
32901 
32971 
33041 
33111 
33151 
33251 
33321 
33391 
33461 
33531 
33601 
33671 
33741 
33811 
33381 
33951 
34021 
34091 
34161 
34231 
34301 
34371 
34441 
3*1511 
34581 
34B51 
34721 
34791 



TAAAAGCGCT 
ATAAATTAAA 
ACAATCTGTC 
CCAACACCGC 
CTCTCOACCS 
CTTCTCATAA 
TAAAGCTGGC 
CAACAGCGGG 
GTGTAAGGGT 
ACATTCTCGT 
GCTTAGCGTB 
AGTTGTAATC 
AACCAAGCAA 
TTTTTATTCC 
TGTTGGTGAA 
AAGCCTCCAC 
CATATTACAT 
TGTGGTAAAT 
CCCTCATAAT 
ATGCCCTT6G 
TAGCCAGAA& 
GGCTCCAGCA 
ATATAATCAG 

ctgggatgca 
taaaaaaaaa 
gacaagccac 

TTCC7CGCGG 
GAGAAAAAAC 
GCSGATACAA 
CGCCCCCGGT 
CACACAAACC 
CGTAATGGSA 
AAGTACAGTT 
AACTTACAAC 
CGGCCCACAC 
GATG 



CCAGCCAAAA 
TGACGTTCCC 
TGTACCATGG 
TCCCCCAGCC 
TGAATCACTT 
TTTTTAACTC 
AGAACAAGGA 
TGGTCTTCAG 
GATGTCTGGC 
AtTTTGTATA 
TTCCGTGTGA 
AAAACTCCAT 
TGCAACTGGA 
AAACCATCTC 
AAAGCACAGC 
GCGCACATCC 
TCCTGCACCA 
•CCAATCCACA 
(iACAAAATAT 
CTCTAAGTTC 
CCCCCCGGGA 
AAAACAAGAT 
©CAGAGTTTC 
AATGCAATAG 
ACAAGCGTCA 
AGGGTCTCCA 
TGACCAGCAT 
AGCCAACATA 
AGTAAAAGGC 
CCCTCTAAAT 
ACAAGCTCTA 
CTAAAG7GTA 
TCACTTCCGC 
GTCATTTTCC 
TTTTTAAAAT 



CTCATATCTG 
TCAAAAACAC 
ACAACGTTGG 
ATGCATTGAA 
GAGAATSAAA 
CTCAGGATTT 
AGACCACGAA 
TCATAGAAGC 
G CAT GATG TC 
QCAAAACGCG 
TAGTTCAAGT 
CGCATCTAAT 
TTGCGTTTCA 
GCAGTACTTC 
TAAATCAAAA 
AAGAACAAAA 
TTCCCAGATA 
CATTACAAAC 
CTTGCTCCTG 
TTCTTTAAGT 
ACAAGAGCAG 
TGGAATAAGC 
TTGTAGAAAT 
GTTACCGCGC 
TATCATAGTA 
GCTCGACCCT 
GAATAAGTCT 
GCCTTTGGGT 
ACASGAGAAT 
ACACATACAA 
AAGTCACTCT 
AAAAATCCCG 
AATCCCAACA 
CACGGC.CGCB 
CACCTCATTT 



ATATAATCGC 
ACTACCCACA 
TTAATCATGC 
GTGAACCCTG 
AATATCTATA 
AGAAACATAT 
CACAACtTAC 
TCGGGTTTCA 
GAGCGTGCGC 
GCCCTGGCAG 
ACAGCCACAC 
TGTTCTGAGG 
AGCAGGAGAG 
AAATTGTAGA 
GAAATGCGAT 
GAATACCAAA 
ATTTTCAGCT 
AGGTCCCGGA 
TGTCACCTGT 
TCTAGTTCTA 
GGGACGCTAC 
AfATTGGGAA 
TGAATAAAAG 
TGCGCTCCAA 
GCCTGACGAA 
CGTAAAACCT 
TGATGAAGCA 
ATAATTATGC 
AA AAA AT AT A 
AGCCTCATCA 
CCAACCTSTC 
CCAAACCCAA 
AGCGTCACTT 
CCGCCCCTTT 
ACATATTGGC 



CCCTGCATGA 
TACATGATCT 
AACCCAATAT 
CTGATTACAA 
GTGGCACAAC 
CCCAQGGAAT 
ACTATGCATA 
TTTTCCTCAC 
GCAACCTTGT 
AACACACTCT 
TCTTAAGTTQ 
AAATCATCCA 
GAGAGGSAAG 
TCGCGCAGAT 
TTTCAAGGTG 
AGAAGGAGCA 
TTCCAGCCTT 
GGGCGCCCTC 
AGCGAATTGA 
AAAACTCTCT 
AGTGCAGTAC 
CCACCAGTAA 
AAAAATTTGC 
CATTGTTAGT 
CAGQTGGATA 
GTCATCGTGA 
TACAATCCAS 
TTAATCGTAA 
ATTATTTCTC 
GCCATGGCTT 
CACAAtATAT 
CACACACCCC 
CCTCTTTCTC 
TAACCGTTAA 
ACCATTCCAT 



CCATCATACC 
CTTTTGGCAT 
AACCTTCCGG 
TGACAATGAA 
ATAGACATAA 
AGGAAGCTCT 
GTCATAGTAT 
AACGTGGTAA 
CATAATGGAG 
TCTTCGCCTT 
GTCAAAAGAA 
CGGTAGCATA 
AGACSGAAGA 
GGCATCTCTC 
CTCAACGGTG 
TTTTCTAACT 
GAATTATTCG 
CACCACCATT 
GAATGGCAAC 
CAT ATT AT C A 
AAGCGCAGAC 
TATCATCGAA 
CAAAAAAACA 
TTTGAATTAG 
AATCAGTCTT 
TTAAACAACA 
ACATGTTAGC 
GTATAGCAAA 
TGCTGCTGTT 
ACCAGAGAAA 
ATACACAAGC 
GAAACTGCGT 
ACGGTACGfC 
CCCCACAGCC 
CTATAAGGTA 



AAAGTTTAAT 
QTGCATATTA 
AACCACACTG 
GAACCCAATT 
ATGCATGCAT 
TGCAGAACAG 
CACAATCTGG 
CTGGGCTCTG 
TTGCTTCCTG 
CTATCCTGCC 
T6CTGGCTTC 
TGCAAATCCC 
ACCATGTTAA 
GCCCCCACTG 
GCTTCCAACA 
CCTCAATCAT 
TGTCAGTTCT 
CTTAAACACA 
ATCAATTGAC 
CCAAACTGCT 
CTCCCCAATT 
GTTSCTGGAA 
TTCAAAACCT 
TCTGCAAAAA 
TCCATCACAA 
GCACCGAAAG 
ATCAGTTAAG 
GCCACCCCTC 
TAGGCAACGT 
GTACAGCQGQ 
CCTAAACTQA 
CACCAGGGAA 
ACATCCCATT 
AATCACCACA 
TATTATTGAT 
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Pf-Pspl (12) 



Scot (4400) 




Ndel (016) 

Hirtdllf (1359) 
Kpnl (13S5) 
(1368) 
(CORI (1374) 
r A«cl (T380) 

iu ci3aaj 

•COW (1334) 
il (1397) 
»U (14CM) 
. -al (1417) 
tpal (1423) 
«mMI (1429) 
(1435) 

>al (1577) 
tisao) 



119 
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Notr (1) 
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Sspl (4838) 



PvuIT(334) 

EcoM{424) 



Sspl (4452) 



SpeT 




pPGKneopA 

(5085 bp) 




EcoW(917) 



125 
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Sail (5476) 



Sea) (5033) 



ECOR! (515) 



Amp' 



Rsv promoter 13 



Hindlll (606) 
KpnT(612) 

r BamHJ (S24) 

' EcoRV (665) 
tel (700) 



HBVpA 



tf»RJ (1318) 



pRSVhbv-N©o 

($478 bp) 



hPGK promoter/ 
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Seal (5572) 



BMXl(13> Spel(273) 
Ayri|(7) \ I Ascl(361) 

BsaA[(lj \\ | / B8PEI(467) 

~ 1 EcoR|(503) 



BspEI (705) 




HindllJ (1378) 

Hpal (1552) 
col (1G50) 



Ag&l (2107) 



BspEI (2531) 



Muni (2845) 



Pad (2953) 
Sse8387l (3442) \ 

i Bglll (336S) 
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142 
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BatBI CS£87) 




134 
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. Pad (4431) 




106 
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30/47 



Seal (6602) 



(382} 

BsanKI(789) 
Agel(?37) 




WO 02/40665 



31/47 



PCT/NLO 1/00824 



Scai (3&d2) 



Bgttl (14) 



Salt (4285) 



Mint (US) 



Nml 



Mini (230) 




Hindi* (60S) 



RSV promoter- 



pRSVneo4 
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""'fwncw> B,f3cr<?4) 

SaH (7220) \ / _ rr ' 
| V \/ Sp^I 384) 
Seal ((3777) ! >\f / EcoRI(5I4) 




Ad35-E1B bp 1S10 -340(7 



plG35Bneo 

(7220 bp) 




Mnal(17l3) 
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Seal (6472) 



Amp 



Spel(284) 
BstXI(24) | Astf(372) 

Kali (6915) 



hPGK promoter 



BspEI(478) 
BamHI (522) 
' Agel (670) 

BgUI(859) 
Aatll 

BspEI(1094) 



:unl(1408) 



p)G35.55K 

(6915 bp) 




tcl(l51&) 

BgUI(1929) 
I (1978) 

;seS387I(20OS) 
Aatll 
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BstXI (13) S P el <? 73 \ 
Avrll (7) 



Ascl(361) 

BspEl (467) 



Seal (5046) 
Pvul (4935) 



coRI (503) 

pEl (705) 




Pstl (1022) 



indlll (1378) 

V 

Hpal (1552) 
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BstXI (13) Spel (273) 
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Seal (4022) 



PvuII (527) 

Kpnl (bS3) 
fEcoRI (701) 
Pstl (707) 
'BamHI (719) 

>stl (738) 

J^amHI (766) 
3glll(8lQ 



pCR535E1 B 

(4459 bp) 



Ad35 bp 2112-3400 



p>"acl (1226) 



&d5 bp 2022-2233 



Pvull(1356) 



PvuII (2473) 



Bglll (1885) 



Notl(2235) *Pr>I C 
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Seal (5161) 
PVUI (5050) 




SpA 



Xbal (3667) , 

Sse83S7l (3557) 
Pstl (3558} 



BstXI (13) Spel(273) 

Ascl(361) 

Avrll (7) ' 



BspEI (467) 

EcoRI (503) 

Pvull (676) 
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Clal (970) 



Xbal (1392) 




Hpal(1625) 



Pstl (1886) 



Bglll(2411) 
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Seal (5687) 
Pvul (S576) 

Bgll (£313) 



BstXI (13) 
Avrll (7) 



Spel (273) 

Asc| (361) 

BspEI (467) 
EcoRI (503) 

Pvull (676) 

BspEI (879) 

hPGK promoter "^S^^^^/ C lal (970) 



|Xbal (1392) 




Pstl (1886) 
start 55K 

Kpnl(2101) 



Xbal (4193) 

BsrGI (4021) 



Bgill (2411) 
BspEI (2646) 



Sse8387l (3557) 

8amHX C3$3D> 



Pad (3068) Pvull (2940) 
Bgfll (3481) 
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Aatll (20737) 
Pvul (20186) 



Pad (1) 

Cial (131) 



BstH07l (18695) 



BamHI (16824) 

EcoRI (16674) 
Notl (16666) ; 

Swal (16S5$y 



Ndel (15030), 



right ITR 



E4 region 



pBr.Ad35.PRn 

(20748 bp) 



BamHi (2340) 




Hindll! (2960) 
BamHI (3024) 

EcoRI (3807) 



E2A 



ilndlll (6372) 



fiber 



pA signal E3 

MIUl (1218i 

BamHI (11694) 



pVIII 




Pmll (6659) 



rimer 35E3For 

tul (8730) 
TATA" box E3 
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Aatlt (377) 
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Sfll (32211) 



MM (30092) 



Nhel (28977) 
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